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Now, with one small, battery-oper- 
ated portable instrument, you can 
measure and monitor noise hazard. 

A single reading describes the haz- 
ard based upon sound pressure level 
with a weighted frequency response. A com- 
bination of a dial setting and meter read- 
ing indicates noise levels in the range of 
75 to 140 db. 

Two models of the new Noise Survey 
Meter are now available. The Industrial 
Hygiene Model has been designed with 


Every day—in many ways—MSA products safeguard millions of lives 


frequency response characteristics 
based on hearing damage risk cri- 
teria. The Acoustical Studies Model 
employs a flat frequency response 
suitable for architectural and acous- 
tical engineering noise studies. 

New bulletin describes operating princi- 
ples in complete detail. Write for your 
copy. Mine Safety Appliances Company, 
Pittsburgh 8, Pennsylvania. In Canada: 
Mine Safety Appliances Company of Can- 
ada, Ltd., Toronto 4, Ontario. 
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NOW... 


\w a more effective uricosuric agent 
“4. for chronic gout and gouty arthritis 


“...more potent mg. per mg. than any other oral preparation.””! 


The minimum effective dose of FLEXIN zoxazolamine is substantially lower than that 
of any other uricosuric drug.!2 This greater potency on smaller dosage provides 
decided clinical advantages in the management of the gouty patient: 


increases urinary urate excretion four-to eightfold 

markedly reduces serum uric acid 

lessens frequency and severity of acute attacks 

facilitates resorption of existing tophi...prevents formation of new tophi 
minimizes side effects...maintains effectiveness indefinitely 


helps return patients to normal activities 


Supplied: FLEX1N® Tablets, 250 mg., scored, yellow, bottles of 50. 


Recommended Dosage: 125 mg. of FLEX1N® zoxazolamine, three or four times a day with food or 
after meals, 


Should concomitant analgesia be desired, TYLEN OL® acetaminophen will not counteract the uricosuric 
effect of zoxazolamine. 


(1) Talbot, J. H.: Arth. & Rheumat. 2:182 (April) 1959. (2) Burns, J. J.; Yi, T. F.; Berger, L., and Gutman, A. B.: 
Am. J. Med. 25:401 (Sept.) 1958. 


*U.S. Patent Pending 
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HYDROCHLORIDE 


NASAL SPRAY 


0.5% 20cc. 
in the handy plastic squeeze bottle 
* Microspray tip 


* Won’t break or spill 
* Ready when patients need it 


PROLONGED DECONGESTION 


Neo-Synephrine (brand of phenylephrine), trademark reg. U.S. Pot. Off. 
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Since topical agents are unable to reach patho- 
genic fungi lodged deep in the keratin of the 
skin, hair or nails, a systemic therapy for super- 
ficial mycoses has been a long-sought therapeu- 
tic goal. GRIFULVIN dramatically achieves that 
goal. 

Absorbed from the gastrointestinal tract, 
GRIFULVIN is deposited in the keratin of the 
skin, hair or nails in fungistatic amounts. 
Organisms are thus held in check while the 
keratin containing viable but inactive fungi is 
gradually exfoliated and replaced by nonin- 
fected tissue. 

gw Tinea corporis usually clears in 2 to 4 
weeks; itching stops in 3 to 5 days. 

gm Tinea pedis improves in 1 to 2 weeks; 
complete clearing may require 3 to 6 weeks. 

w Tinea capitis improves in 2 to 3 weeks; is 
usually cured in 3 to 5 weeks. 

Onychomycosis (tinea unguium) — finger- 
nails clear in 3 to 4 months; new normal 
growth is seen earlier; toenails require 
longer treatment. 

a Oral GRIFULVIN appears to have a very 


low level of toxicity. 
Literature concerning method of administra- 
tion and dosage is available upon request. 


Supplied: 250 mg. scored tablets, colored aquamarine, 


imprinted McNett, bottles of 16 and 100. 
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McNeil Laboratories, Inc « Philadelphia 32, Pa. 
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A well-balanced 
moderate low-fat 
breakfast for 
teen-age girls, 
16-19 years 


When a moderate reduction of dietary fat is indicated table below, it contributes well-balanced nourishment. 
for girls in their late teens, the basic cereal and milk It provides “Girls, 16 to 19 Years” with approximately 
breakfast merits consideration. This breakfast is moder- one-fourth of the recommended dietary allowances! of 
ately low in fat because its fat content of 10.9 gm. complete protein, important B vitamins, essential 
provides 20 per cent of the total calories. As shown in the minerals; 


; and provides quick and lasting energy. 
recommended dietary allowances* and the nutritional contribution of a moderate low-fat breakfast 


Menu: Orange Juice—4 oz.; 
Cereal, dry weight—1 oz. ; 
Whole Milk—4 oz.; Sugar—I teaspoon; 
Toast (white, enriched)—2 slices ; 
Butter—S5S gm. (about | teaspoon); 
Nonfat Milk—8 oz. 


Vitamin Niacin Ascorbic 
Nutrients Calories Protein Calcium Iron A Thiamine Riboflavin 


equiv. Acid 


Totals supplied by 
Basic Breakfast** 503 20.9 gm. 0.532 gm. 2.7 mg. S5881U. 0.46mg. 0.80 mg. 7.36 mg. 65.5 mg. 


Recommended Dietary' 
Allowances—Girls, 16 to 19 


Years (54 kg.—120 Ib.) 2400 75 gm. 1.3 gm. 15mg. SOOOLU. 1.2mg. 1.9 mg. 16 mg. 80 mg. 
Percentage Contributed 
by Basic Breakfast 209% 279% 40.9% 180% 118% 383% 42.1% 46.0% 81.9% 


* Revised 1958. Food and Nutrition Board, National Research 


'The allowance levels are intended to cover individual variations 
Council, Washington, D.C 


among most normal persons as they live in the United States under 


. ° usual environmental stresses. Calorie allowances apply to 
"Cereal lastinute, noes Break fast Source Book. Chicago: Cereal individuals usually engaged in moderate physical activity. For 
Jastitute, Inc., 1959. office workers or others in sedentary occupations they are excessive. 
} hig of "i950. Adjustments must be made for variations in body size, age, 
rocesse vepare: griculture Handbook No. 


physical activity, and environmental temperature. 


CEREAL INSTITUTE, INC. 
135 South La Salle Street, Chicago 3 
A research and educational endeavor devoted to the betterment of national nutrition 
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A Study of the Effects of Air Pollutants on the Eye 


STACY R. METTIER Jr., M.D.; H. KARL BOYER, Ph.D.; C. H. HINE, M.D., and 


W. K. McEWEN, Ph.D., San Francisco 


Introduction 


objective studies have 
been made in this country ? and in England * 
on the effect of relatively high concentra- 
tions of war gases on the anterior segment 
of the eye. Very little work has been re- 
ported on the ocular effects of noxious gases 
in the found 
Acrolein, sulfur dioxide, ozone, and _nitro- 
gen dioxide were chosen by us as represen- 
tative gases because a study of their effects 


Comprehensive 


concentrations in smogs. 


on the eye would provide preliminary infor- 
mation prior to the study of gas mixtures 
and smogs. 

Previous studies of the eye effects of air 
pollutants have been restricted to the report- 
ing of the degree of subjective irritation 
and lacrimation. 

Acrolein.—Lewin * found acrolein to cause 
burning of the eyes without lacrimation. 
Pattle and Collumbine* found that 1 ppm 
of acrolein produced lacrimation. In a later 
more comprehensive study Sim and Pattle ® 
confirmed this result. 

Sulfur Dioxide—Since many factory 
workers are subjected to sulfur dioxide 
fumes there have been a number of reports 
on the eye-irritating properties of this agent. 


Received for publication June 29, 1959. 
Joint contribution of the Department of Pharma- 
(Dr. Hine) the Francis I. Proctor 


cology and 


Foundation for Research in Ophthalmology (Drs. 
Mettier, Boyer, and McEwen) University of Cali- 
fornia Medical Center. Supported in part by a 
grant-in-aid from the U.S. Public Health Service 
(RG4597), Department of Health, Education, and 
Welfare. 


Lehmann ® found no eye irritation at level 
of 0.03-0.04 vol. % (30-40 ppm). Vedder 
et al.? found 50 ppm caused blinking and 
cloudiness of vision in rabbits. At autopsy 
they found the were affected. 
Humperdinck ® observed conjunctivitis in 
electrical foundry workers at about 0.06 
mg. per liter (23 ppm). There was irrita- 
tion of the mucosa of the eyes in factory 
workers sulfur dioxide level of 
about 0.2 mg. per liter (76 ppm) according 
to Freitag.® Dutrebande et al.'° observed 
no irritation at 0.5 ppm of sulfur dioxide 
with or without a water aerosol. But with 
a sodium chloride aerosol (1.1-2.5 ppm) 
there was definite irritation of ocular, nasal, 
and pharyngeal tissue. Sim and Pattle® 
found concentrations of sulfur dioxide in 
the range 1-23 ppm to be irritating and to 
produce lacrimation. 

Ozone. 


tions, 


corneas 


above a 


ozone condi- 
lacrimation and 
conjunctivitis. Stokinger et al. in an ex- 


Under industrial 


Truche™ found 
tended low level study, found that dogs 
exposed to 1 ppm of ozone for six hours 
daily for 268 days out of 433 showed no 
abnormal findings. Their corneas were clear 
by slit lamp, and no tearing or exudate was 
observed. 

Nitrogen Dioxide—The effect of nitro- 
gen dioxide on the eyes has been studied 
only in mixtures, although the Stanford 
Research Institute '* reports that no single 
contaminant (including nitrogen dioxide) 
in concentrations equivalent to smog con- 
centrations was found to cause irritation. 
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In their simulated smogs, which approxi- 
mated the degree of irritation found in nat- 
ural smogs, the concentration of nitrogen 
dioxide was 0.5 mg. per cubic meter (as 
HNOs). Erskine and Bolze,™ with use of 
static conditions of exposure and_ solar 
radiation, observed eye irritation in “very 
slight to slight” degree with irradiated mix- 
tures of nitrogen dioxide from 60 pphm to 
240 pphm (0.6-2.4 ppm) and either benzene 
at 120 pphm (1.2 ppm) or 2-heptene at 
240-480 pphm (2.4-4.8 ppm). The maxi- 
mum irritation usually appeared after about 
a 45-minute exposure. Nitro-olefins have 
been reported as eye-irritating to animals, 
by Deichmann et al.,!° when given systemi- 
cally or topically. Lampe et al.1® produced 
eye irritation with 2-nitro derivatives of 
butene, hexene, and nonene in the range of 
0.2-2 ppm. Faith!’ found eye irritation to 
be associated with hydrocarbons and _ nitro- 
gen dioxide in the presence of sunlight. 

In 1950, Foulger 1% adequately summar- 
ized the effect of irritant gases as follows: 
“Though irritation of the eyes occurs most 
frequently from smog and causes tem- 
porary disorder, there are few chemicals 
that have a drastic and permanent action 
upon the eye.” 

Between the levels of sensory, subjective 
irritation, and drastic permanent damage 
there is an intermediate level characterized 
by objective reversible changes in the tissues 
of the eye. We are interested in the inter- 
mediate level because effects which are 
strong enough to be measured objectively 
can be more precisely quantitated. 

For purposes of definition the changes 
may be characterized as follows: 

A. Subjective Irritation: Discomfort, 
pain, burning, stinging, lacrimation, and 
blinking. 

B. Objective Reversible Changes: Con- 
gestion, corneal staining with fluorescein, 
chemosis, corneal swelling, iritis, reversible 
enzyme inhibition, lacrimation, and _blink- 
ing. 

C. Irreversible Permanent Damage: Cor- 
neal and iris changes, necrosis, scarring, 
and loss of vision. 


14/2 


There is some overlapping of these sub- 
jective and objective changes. 

The work reported here is an ophthalmo- 
logic and biochemical investigation of this 
intermediate range of effects. The effects 
were produced by low-level exposures to 
several single gases. 

Little work has been reported on the 
effect of these gases on the enzymes of the 
corneal epithelium. The normal metabolic 
pathways have recently been studied by 
Kinoshita.’**° Kuhlman et al.?! have re- 
ported the microdetermination of the activ- 
ity of corneal dehydrogenases. Jaeger,” 
with use of the tetrazolium dye method, 
showed the inhibition of several dehydro- 
genases in homogenates of corneal epithe- 
lium by high levels of noxious gases. 
Dehydrogenases in general have been shown 
to react with aldehydes, as reported by 
Barron.** 


Materials and Methods 


The equipment and methods of gas production, 
exposure of animals, and analyses are described 
by Hine et al.* The rabbits were exposed in clean 
cages without sawdust to avoid the entrance of 
foreign bodies in the animal’s eye. The animal 
holders for slit-lamp examination were designed 
by Goodner.® Slit-lamp examinations were carried 
out with a Goldmann slit lamp. Fluorescein papers 
of the type described by Kimura®” were used to 
stain the cornea. 

The exposure procedures were designed to study 
the effect of noxious gases on the anterior segment 
of the eye with particular reference to the effect 
on (1) intact corneal epithelium of rabbit and 
man, (2) deepithelialized cornea of rabbits, (3) 
regeneration rate of tissue, and (4) enzymatic 
activity of corneal epithelium. 

3oth acute and chronic exposure were carried 
out. 

Acute animal exposures were limited to a single 
four-hour exposure, usually employing four young 
male rabbits in each experiment. Three were ex- 
posed to the noxious environment, while the fourth 
was exposed to the diluent (San Francisco air) 
as a control. The eyes were carefully examined 
biomicroscopically on the day prior to exposure 
(Day 0), and the epithelium of the right corneas 
of two experimental rabbits and one control rabbit 
was removed within an area of 10 mm. This was 
accomplished by delimiting an area on the anes- 
thetized cornea of the proptosed eye with a standard 
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AIR POLLUTANTS—EFFECT ON EYE 


corneal trephine of appropriate size.* It was found 
that a firm but gentle pressure would circumscribe 
the area adequately without penetrating the stromal 
the edge of the trephine was slightly 


trom 


tissue if 
dulled. The epithelium was then scraped 
the underlying stroma with a Grieshaber scarifier 
and transferred into small test tubes containing 
distilled water. The removed tissue was tested for 
the activity of various enzymes. On Day 1 the 
animals were exposed to the test gas and im- 
mediately afterwards reexamined. The degree of 
chemosis, keratitis, and iritis was noted making 
use of an arbitrary scale of from 0 to +++-+, 
the corneal thickness measured with a pachom- 
eter,” and the regeneration rate estimated by meas- 
uring the remaining deepithelialized area. Chemosis 
and iritis were considered to indicate an irritative 
response to a toxicant. Iritis usually indicated a 
more severe response. Swelling of the cornea was 
used as a sensitive indicator of the functioning 
integrity of the cornea’s “metabolic pump” which 
keeps the cornea in a state of relative detur- 
gescence. The rate of regeneration is considered 
to be an index of the available energy of the cell 
and gives information with regard to the effect of 
the toxicant on the cell’s nucleus. The extent of 
reepithelialization could be observed by staining 
the cornea with fluorescein. At this time (Day 1) 
the deepithelialized area has been reduced from the 
original 10 mm. to about 7 mm., and the opposite 
eye of each rabbit was scraped free of epithelium 
within a circle 7 mm. in diameter, the tissue being 
studied for activity of specific enzymes. 

It was found by preliminary experimentation 
that no adverse effects of topically applied anes- 
thetic agents to the cornea could be detected by 
clinical ‘or biochemical examination. As a factor 
of safety, however, the usual dose of tetracaine 
(Pontocaine) anesthetic was reduced to one drop 
of a 0.25% solution. Periodically photographs were 
taken of the eyes for record purposes. Histologic 
the eyes and of the epithelial 
scrapings were made from time to time. Nothing 
was found histologically which was not apparent 


examination of 


biomicroscopically. 

Occasional rabbits acquired a secondary infection 
in the deepithelialized eye, but there was not a 
greater incidence of such infections in exposed 
than in control eyes. Animals which developed a 
secondary infection were not included in the final 
tabulations. 

It was felt that the most useful information 
regarding the effect of toxicants on the activity 
of enzymatic processes might be obtained by 
measuring the activity of several representative 
enzymes related to the amount (or some direct 
function of the amount) of enzyme present. The 


*The 10 mm. and 7 mm. Castroviejo type were 
used for these experiments. 


Mettier et al. 


TABLE 1.—Comparison of Computing Basis, 
Ozone-Malic Dehydrogenase * 
Dry Wet Area 
No. Value No. Value No. Value 
Exposed 4 2.2 12 10.6 10 2.3 
Control 8 2.7 20 21.1 20 2.3 


* Material collected during ozone experiments, values ex- 
pressed as activity of malic dehydrogenase. 


choice of enzyme system is relatively simple if one 
selects an enzyme from each of the major path- 
ways (glucose monophosphate shunt, Meyerhoff- 
Krebs cycle) and picks 
dehydrogenases because of their sensitivity to in- 


Embden scheme, and 
hibitors. The systems selected were dehydrogenases 
for 6-phosphate or 6-phosphogluconate, lactate, and 
malate. The measurement of the amount, or some 
direct function of the amount, of the enzyme was 
more difficult. Originally the biuret reaction for 
total protein was used. This test, when reduced to 
the microscale necessary for the analysis of the 
small amounts of tissue available from epithelial 
scrapings, The data re- 
ported here were computed on a dry weight basis. 
Table 1 shows a comparison of three different 


gave unreliable results. 


bases (dry weight, wet weight, and area) for 
computing the activity of malic dehydrogenase 
during ozone exposure. Chronic animal exposures 
were carried out four hours daily, five days a 
week, for 25 to 34 days. These animals were 
examined daily as described above. Trephination 


was not carried out in this group. 


Results and Comment 


The results are given in Tables 2-7. It 
becomes apparent that whatever effect these 


TABLE 2—Summary of Ophthalmologic Data on 


Acute Acrolein Exposures * 


Trephi- Concentra- Range } 

nation, Time, No. tion, 

Mm, ¢ Days$ Eyes Ppm Chemosis Iritis 
10 0 14 2 tto+++ 0 
10 0 5 0 0Oto+ 0 

7 1 14 2 0 to ++ 0 
7 1 5 0 0 0 
None 14 2 + to + 0 


* Four-hour exposures, male rabbits three months old; teme 
perature, 70-75 F; airflow, 445-715 lpm. 

+ Regeneration rate approximately three days. 

t Day 0 indicates trephination done preceding exposure, day 1 
indicates trephination done after exposure. 

§ Concentration range, 1.9 to 2.6 ppm. 

Arbitrary scale, 0 to ++++. 
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Taste 3.—Summary of Ophthalmologic Data on 
Acute Ozone Exposures * 


Range 
Trephi- Concen- Corneal 
nation, Time, No. tration, Swelling, 
Mm.t Days Eyes Ppm { Chemosis Iritis Mm. 
10 0 22 2 +to++ 0to +4 0.2-03 
10 0 1 0 +to++ +to++ 0.2-03 
1 22 2 0 to + 0 to + 0.1-0.2 
7 ] 0 Oto+ 0 to + 0.1-0.3 
None 22 2 0 0to+ 0.0 


* Four-hour exposures, male rabbits three months old; tem- 
perature, 23-25 C; airflow, 480 Ipm (seven experiments), 1,200 
lpm (four experiments). 

t Regeneration rate approximately three days, occasionally 
four days. 

t Concentration range, 1.9-2.8 ppm. 


gases may have cannot be objectively deter- 
mined. 

It is reasonable to assume that the con- 
centration of these gases in the atmosphere 
at or below these levels will probably not 
have serious consequences to the human 
cornea. 
have reflex tearing there is subjective dis- 


Because humans are vocative and 


comfort whenever the concentration of these 
gases exceeds the sensory threshold of a 
been demon- 
strated,** this distress is a completely re- 


subject. However, as has 
versible condition, if the concentrations do 
not exceed those used in this study, and 
persists only as long as the irritant is pres- 
ent. The sensory mechanism of the eye is 
apparently much more sensitive to these 
noxious gases than are the more fundamen- 
tal metabolic processes, including enzyme 
activity, energy production, and cellular 
growth. 

Blinking and Tears.—A_ possible criti- 
cism of this type of experiment might be 
that the animals may blink frequently or 
keep their eyes closed, thereby averting the 
effect of the noxious gases. It was deter- 
mined that rabbits under anesthesia for four 
hours could maintain a moist and normal 
cornea with the upper lid sutured open. It 
was found that rabbits under 50 mg. per 
kilogram of morphine sulfate would remain 
calm for four hours with their upper lids 
sutured open. Four runs were made under 
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TABLE 4.—Summary of Ophthalmologic Data on 
Acute Sulfur Dioxide Exposures * 


Range 
Trephi- Concen- — -- 
nation, Time, No. tration, Corneal 
Mm.t Days Eyes Ppmt Chemosis Iritis Swelling, 
Mm. 
10 0 20 ll +to+ +to++ 0.2-04 
10 0 10 0 +to+ +to++ 0.2-0.4 
7 1 8 Wd +to+ +to+ 0.003 
7 1 10 0 Oto++ Oto++ 0.1-03 
None 22 11 0 0 0.0-0.1 


* Four-hour exposures, male rabbits three-four months old; 
temperature, 22-24 C; airflow, 850 lpm (four experiments), 1,850 
Ipm (six experiments). 

t Regeneration rate usually three days, occasionally two or 
four days. 

t Concentration range, 6-14 ppm. 


these conditions, with three rabbits each 
run. [Exposures were made to sulfur diox- 
ide (25 ppm in three runs, 9 ppm in one 
run) in the manner described. There was 
no observable difference between suturing 
the upper lid open as compared with not 
suturing. It should be noted that at the con- 
centrations used the gases do not produce 
blepharospasm. 

In humans, lacrimation is both a sub- 
jective and a reflex phenomenon. In ani- 
mals there is very little tearing except the 
reflex ** variety. Therefore lacrimation can- 
not be used as a test sign of the effect 
of these agents. 


Summary 


Rabbits were exposed to acrolein (2 
ppm), ozone (2 ppm), sulfur dioxide (10 


TABLE 5.—Summary of Ophthalmologic Data on 
Acute Nitrogen Dioxide Exposures * 


Concen- Range 
Trephination, Time, No. tration, ~— —_ 
Mm. t¢ Days Eyes Ppmt Chemosis Iritis 
10 0 20 20 Oto+ Oto++ 
10 0 10 0 Oto+ Oto++ 
7 0 20 § 20 0 Oto+ 
7 1 10 0 0 0 to ++ 


* Four-hour exposures, male rabbits three-four months old; 
temperature, 23-26 C; relative humidity, 38%-52%; airflow, 
1,170 lpm. 

t Regeneration rate usually three days, a few four days. 

t Concentration range, 17-23 ppm. 

§ No corneal swelling, swelling not measured in other groups 
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AIR POLLUTANTS—EFFECT ON EYE 


TABLE 6.—Summary of Effects of Acute Exposures on Enzymes 


Acrolein Ozone Sulfur Dioxide Nitrogen Dioxide 
Exposed Controls * Exposed Controls Exposed Controls Exposed Controls 
Enzymet No. Act.t No. Act. No. Act. No. Act. No. Act. No. Act. No. Act. No. Act. 
6PGDH 4 0.5 6 0.7 14 1.7 21 1.6 
MDH 4 1.8 6 2.5 4 2.2 S 2.7 39 3.8 52 3.8 4 24 3 2.3 
G6-PDH 4 1.6 6 1.3 
LDH 4 2.5 6 3.2 


* Includes corneal epithelium from animals prior to exposure and from animals exposed to control conditions. 
+ Activity is expressed in arbitrary units calculated on a dry-weight basis. 


t6-PGDH indicates 6 phosphogluconate dehydrogenase; MDH, malic dehydrogenase; G6-PDH, glucose-6-phosphate dehydro- 


genase; LDH, lactic dehydrogenase. 


TABLE 7.—Chronic Exposures of Rabbits * 


Concen- 
tration, 

Gas Ppmt No. Days Remarks 
Acrolein 0.6 30 No apparent effect 
Ozone 2.0 25 No apparent effect 
Sulfur dioxide 6.0 32 No apparent effect, 

corneal thickness 
+0.04 mm. 
Nitrogen dioxide 18 f 34 No apparent effect, 
control rabbit 
died of duodenal 
stricture during 
experiment 


*In each experiment three rabbits were exposed to toxic at- 
mosphere four hours per day, one rabbit to control atmosphere. 

+t Average concentration. 

t Humidity, 35%-52% 


ppm), and nitrogen dioxide 
acutely and chronically. 

The ophthalmologic and biochemical ef- 
fects of these gases on intact and deepithe- 
lialized corneas were assayed. Under these 
conditions no effects were noticeable. 

The effect of these gases and presumably 
smog in general is at a lower subjective 
sensory level. 


(20 ppm) 


Francis I. Proctor Foundation for Research in 
Ophthalmology, University of California Medical 
Center, San Francisco 22. 
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Effects of DDVP Aerosols on Blood Cholinesterase 
of Fogging Machine Operators 


ROBERT F. WITTER, Ph.D., Savannah, Ga. 


0,0-Dimethyl-2,2-dichlorovinyl phosphate 
(DDVP) has been found to be very effec- 
tive in the control of the cigarette beetle 
in tobacco warehouses. One method of 
application is to blow the volatile insecticide 
into the building from a Todd Insecticidal 
Fog Applicator (TIFA) placed outside the 
warehouse. Although the toxicity of 
DDVP has been studied,? no investigation 
has been made of the effect of the above 
operations on the health of the men who 
operate these machines. Such studies are 
presented in this report. Since DDVP is 
an organic phosphate insecticide and readily 
inhibits blood or plasma cholinesterase,? it 
was possible to ascertain the possible expo- 
sure of these men to the insecticide by 
measurement of the level of these enzymes 
in the blood. In addition, each man was 
given a periodic physical examination in 
order to determine whether symptoms 
characteristic of poisoning with organic 
phosphate compounds had appeared. 


Methods 


The 12 men studied in this survey each worked 
a total of 45 hours a week for four months ap- 
plying insecticides, except for Nos. 8 and 11, who 
operated the fogging machines for only two months. 
Work with DDVP was begun just after May 7, 
1958. These workers applied 4% DDVP for eight 
hours a day on Monday and Thursday and a mix- 
ture of 3% lindane and 2% DDT in deodorized oil 
base on Tuesday, Wednesday, and Friday. The 
rate of spraying of both formulations was ap- 
proximately 9 gal. per hour. Three of the men 
(Nos. 1, 2, and 7) formulated the DDVP in- 
secticide by mixing 1 Ib. of technical DDVP with 
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1 lb. of ethylene dichloride and 3 gal. of Bayer D. 
These persons wore protective rubber clothing, 
rubber gloves, and industrial-type gas masks during 
the formulating procedure. The men did not wear 
protective clothing or masks while operating the 
fogging machines but were instructed to stay on 
the windward side of the equipment during opera- 


tion in order to minimize exposure to the DDVP 
aerosol, 


The workers probably received their greatest 
exposure to the insecticide when the machine was 
started up or stopped, because at that time they 
had to get closer to the point of application of 
the aerosol. Also, since it was not always possible 
to stay on the windward side of the equipment, ex- 
posure was sometimes increased by this circum- 
stance. Occasionally a man would enter the ware- 
house for three to five minutes after the DDVP 
was applied. None of the men changed clothing be- 
fore leaving the plant. 

Each month the men were given a physical ex- 
amination, and at the same time a blood sample 
was taken for cholinesterase assay by the Michel 
procedure.* 


Results and Conclusions 


The physical examination gave no evi- 
dence of neurological symptoms which 
might be associated with the inhibition of 
cholinesterase by DDVP or with poisoning 
with DDT or lindane. The cholinesterase 
levels in the blood of these applicators were 
not decreased during the period of expo- 
sure. The results indicate that no physio- 
logically significant exposure to DDVP 
took place. 

Under the conditions of this study, the 
chlorinated hydrocarbons with which the 
men came in contact would not be expected 
to influence the levels of blood cholinester- 
ases. The titer of plasma cholinesterase 
remains unchanged in men with very high 
occupational exposure to DDT.‘ It is true 
that the level of serum aliesterase is ele- 
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vated in rats exposed to various chlorinated 
hydrocarbon insecticides, but the dosages 
used with the animals were high enough to 
produce clinical symptoms of poisoning.>* 

In some other studies with applicators 
who worked under different conditions and 
with organic phosphorus compounds differ- 
ent from those in the present survey, it was 
found that the cholinesterase levels of the 
blood of these spray operators gradually 
became lower as the spray season pro- 
d.7! Although the results are some- 
what variable, it can be seen in the Table 
that this was not the case in the present 
study. It appears from these results that 
the procedure used for the application of 


gresse 


method of application of DDVP does not 
constitute a hazard to the health of these 
workers, providing the fogging machines 
are properly used. 

Mr. Charles M. Sprinkle, Coordinator of 
Agricultural Research, R. J. Reynolds Tobacco 
Company, Winston-Salem, N. C., assisted in this 
study. The physical examinations were done by 
Dr. R. W. Bunn, Medical Director, R. J. Rey- 
nolds Tobacco Company. Miss Louise McLeod, 
Histopathology Technician of the Technical De- 
velopment Laboratories, determined the plasma and 
red blood cell cholinesterase levels. 
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Plasma and Red Blood Cell Cholinesterase Levels of DDVP Applicators 
Date Blood Sample Taken 
May 7 * June 4 July 7 Aug. 5 Sept. 5 
Applicator RBC ft Plasmat RBC ft Plasmat RBCt  Plasmat RBCt Plasmat RBCt  Plasmat 
1 0.84 1.06 0.83 1.14 0.83 1.05 0.95 0.91 0.97 0.90 
2 0.65 0.86 0.69 0.79 0.82 0.87 0.7 0.72 0.69 0.79 
3 0.61 0.38 0.91 0.47 1.00 0.56 0.80 0.52 0.98 0.44 
4 0.71 0.85 0.92 1.06 1.10 1,28 0.86 1,04 1.05 0.92 
5 0.66 1.08 0.75 1,20 0.89 1.21 1.02 1.24 0.86 1.24 
6 0.64 1.18 0.87 1.22 0.86 1.17 ~ ~~ 0.84 1.14 
7 0.59 1.03 0.84 1.20 1.01 1.16 0.82 1.20 0.84 1.10 
8 0.59 0.60 0.76 0.74 1.02 0.69 _ 
9 0.48 1.01 0.76 1.28 1.22 —_ 0.75 0.97 0.85 1.24 
10 0.44 0.82 0.71 0.89 0.83 1.00 — _ 0.77 0.79 
ll 0.76 * 0.80 * 0.82 0.90 0.58 0.94 
12 0.43 1.17 0.67 1.33 1.10 1,28 - _- 0.83 1,18 


* Preexposure levels. 
+ A pH per hour per 0.02 ml. of packed cells or plasma. 


20/8 Vol. 21, Jan., 1960 


& 

i 
; 
a 
| 


DDVP AEROSOLS—EFFECTS 


5. Ball, W. L., and Kay, K.: Serum Esterase 
Activity as a Criterion of the Toxicity of 
Chlorinated Hydrocarbon to Rats, A.M.A. Arch. 
Indust. Health 14:319 (Oct.) 1956. 

6. Crevier, M.; Ball, W. L., and Kay, K.: 
Observations on Toxicity of Aldrin: II. Serum 
Esterase Changes in Rats Following Administra- 
tion of Aldrin and Other Chlorinated Hydrocar- 
bon Insecticides, A.M.A. Arch. Indust. Hyg. 9: 
306 (April) 1954. 


7. Culver, D.; Kinosian, J.; Thielen, W., and 


Graul, R.: A Study of Exposure to Parathion in 
a Greenhouse, A.M.A. Arch. Indust. Health 18: 
235 (Sept.) 1958. 


Witter 


8. Hayes, W. J., Jr.; Dixon, E. M.; Batchelor, 
G. S., and Upholt, W. M.: Exposure to Organic 
Phosphorus Sprays and Occurrence of Selected 
Symptoms, Pub. Health Rep. 72:787 (Sept.) 1957. 

9. Kay, K.; Monkman, L.; Windish, J. P.; 
Doherty, T.; Pare, J., and Racicot, C.: Parathion 
Exposure and Cholinesterase Response of Quebec 
Apple Growers, A.M.A. Arch, Indust. Hyg. 6: 
252 (Sept.) 1952. 

10. Sumerford, W. T.; Hayes, 
Johnston, J. 
Cholinesterase 


W. j., Jr.s 
M.; Walker, K. and Spillane, J.: 

Response and Symptomatology 
from Exposure to Organic Phosphorus Insecticides, 
A.M.A. Arch. Indust. Hyg. 7:383 (May) 1953. 


21/9 


Glass Dust: A Study of Its Biologic Effects 


PAUL GROSS, M.D.; MARIAN L. WESTRICK, Ph.D., and JAMES M. McNERNEY, M.P.H., Pittsburgh 


Introduction 


been produced, used, and 
broken for many centuries, but because this 
material is not readily reduced to a fine 
particle size, it is only with the advent of 
new and mass production techniques that 
the problem of a possible health hazard 
from glass dust could have arisen. 


Glass has 


Perhaps because every-day experience of 
civilized man has taught him that freshly 
broken fragments of glass possess remark- 
able and often treacherous potentialities for 
inflicting incisive skin trauma, the public- 
at-large seems to have acquired the impres- 
sion that glass may be lethal when ground 
finely enough so as to be imperceptible 
when mixed with food. This impression 
is reinforced from time to time by sporadic 
reports in newspapers of attempted homi- 
cide by the admixture of ground glass with 
food. 

Efforts have recently been made to clari- 
fy the potential pulmonary hazard of two 
types of glass dust. One of these was dust 
derived from a mixture of filamentous glass 
and a plastic.! In this investigation, no 
attempt was made to assess the possible 
role which glass itself may have played, 
independently of the plastic component, in 
the production of the results obtained. 
Neither was a determination made of the 
relative amount of glass present in the dust 
to which the animals had been exposed. 
Furthermore, although the dust was a rap- 
idly settling one and dust counts had been 
performed, no indication was given as to 
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the percentage of the dust which may have 
been sufficiently fine to be respirable. For 
these reasons, we believe that this published 
investigation adds little to our knowledge 
of the hazard of glass dust as such. The 
other study * was concerned with dust from 
glass wool. However, because of certain 
aspects to be dealt with later, some of the 
conclusions set forth in the latter study do 
not seem warranted to us. 

We undertook the present investigation 
in order (1) to study the pulmonary re- 
sponse to a glass dust composed of very 
finely divided particles and to a glass dust 
composed of larger flake-like particles; (2) 
to document the effects of massive ingestion 
of ground glass so that some scientific in- 
formation may be available on this subject, 
and (3) to study the potential of a glass 
dust with larger flake-like glass particles 
to irritate mucous membranes. 


Materials and Methods 


The glass dust used in this investigation was 
prepared from flakes of glass* which were ap- 
proximately 5u thick. The glass contained, in ad- 
dition to SiOz, the oxides of Al, Ca, Mg, and B 
as major constituents. Also present, but in amounts 
less than 1% and usually more than trace, were 
the following elements: Na, K, Ti, Fe, and Zr. 
Fluorine was also present in traces to 0.3%. 


A coarse dust was prepared by milling the glass 
flakes so that the resulting particles passed through 
a 325 mesh sieve. 

In order to obtain a very fine glass dust, the 
milled flakes were suspended in water and atom- 
ized under a pressure’ of 90y. The jet of sus- 
pended glass fragments was made to impinge 
against a tool-steel baffle at near-sonic velocity. 
Thereby very small particles were produced. These 
particles, like those of kaolin and quartz which 
were produced in a similar manner as control 
dusts, became admixed with an appreciable amount 
of iron from the abraded tool-steel baffle. The 


* Fiberglas Flake. 
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GLASS DUST 


dusts were collected by means of 
precipitators. 

This investigation was composed of three parts: 

1. Eye irritation study 

2. Ingestion study 
3. Pulmonary study 


electrostatic 


1. Eye Irritation Study—Two experiments were 
performed, each using six eyes of albino rabbits 
In the first, the lids were held open only long 
enough to dust the ocular conjunctiva thoroughly 
with the finely milled glass flakes (the largest 
particles around 400g but the vast majority less 
than 504). In the second experiment, the lids 
were held open about one minute after the dust- 
ing. The eyes were examined 24 hours later with 
the aid of fluorescein. 

2. Ingestion Study—Young male white rats 
from Carworth Farms, approximately 28 days old, 
were divided into four groups of 10 each after 
a two-week observation period for acclimatization. 
These groups were given the following diets : 

1. 10% finely milled glass flakes (by weight) 
incorporated in basic laboratory diet, ad lib. The 
basic laboratory diet consisted of pulverized 
Purina Laboratory Chow. 

2. Pair-fed control; each rat fed only as much 
basic laboratory diet as its mate from the pre- 
ceding group consumed on the previous day. 

3. 50% finely milled glass flakes (by weight) 
incorporated in basic laboratory diet, ad /ib. 

4. Control; basic laboratory diet, ad /1b. 

The animals were kept on this regimen for a 
full year. During this time, weekly records were 
kept of the body weights and of the general ap- 
pearance of the animals. Biweekly records were 
kept of the food consumption in all except the 
group receiving 50% glass in the diet. Due to 
much spillage and greater rate of consumption 
of the diet, the record of food consumption in 
the latter group was made more frequently. 

At the end of the year, all surviving rats were 
weighed and then killed with ether. Autopsies 
were performed, and the liver and kidney weights 
were recorded. Sections were prepared from each 
of the following organs for microscopic examina- 
tion: esophagus, forestomach, stomach, duodenum, 
jejunum, ileum, colon, liver, spleen, kidney, adrenal, 
testis, lungs, and heart. 

3. Pulmonary Studies —These studies consisted 
of one in which dusts were deposited by intra- 
tracheal injection and one in which the pulmonary 
deposition was accomplished by inhalation. 

A. Intratracheal Injection: It was desired to 
test the pulmonary response to a relatively coarse 
glass dust and also to a very finely divided one. 
Because the coarse glass dust tended to settle very 
rapidly in an aqueous suspension it was found 
necessary to use corn oil (Mazola) as a suspend- 
ing medium in order to accomplish the injections. 
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TaBLrk 1.—Physical Data of Intratracheal 


Injections 
Amount Suspending 
No. Particle Injected, Medium, 
Dust Rats Size Mg. 1 M1. 

Glass 15 ° 25 corn oil ft 
Glass 15 llyt 25 water 
Quartz 15 25 water 
Kaolin 15 0.7ut 25 water 
15 1 ml. corn oil 


* This material passed through a No, 40 U.S. standard sieve. 
On microscopic examination it was found that, although a small 
number of particles was in the neighborhood of 400u, the vast 
majority was in the region of 50, or less. 

Mazola. 

Surface mean diameter 4/End*): determined by opti 
cal sizing with oil immersion lens at a magnification of X 970 


For the fine glass dust and the necessary control 
dusts (kaolin and quartz), water proved to be 
satisfactory. There were five groups of 15 rats 
each. Four of these groups were used for the 
two glass dusts and the two control dusts, whereas 
the fifth group was injected intratracheally with 
corn oil as an additional control. The physical 
data of these injections are given in Table 1. 

The injections were administered under light 
ether anesthesia by means of a blunt-tipped No. 
18 gauge spinal needle introduced between the 
vocal chords. This was accomplished under direct 
observation by means of a self-retaining, illumi- 
nated speculum.*® 

Three rats were killed from each group at 6 
months and the survivors at 12 months. Autopsies 
were performed on these rats plus all that had 
died of spontaneous disease. Paraffin sections were 
cut of the lungs after formalin fixation. These 
were routinely stained with hematoxylin and eosin. 
Some were also stained with Van Gieson’s stain 
and by the Gordon and Sweet method for reticu- 
lin fibers. Selected slides were subjected to in- 
cineration in order to study the topographic 
relationship of the dust.‘ 

B. Inhalation Exposure: In this study, both rats 
and guinea pigs were used. In addition to ex- 
posures to glass dust, animals were exposed to 
quartz dust and to kaolin dust, respectively. Ac- 
cordingly, there were three groups of 40 rats each 
and three groups of 15 guinea pigs each. Each 
group was housed in a separate inhalation cham- 
ber. The dust exposures were for six hours per 
day, five days per week, for one year. 

The method of generating the dust cloud, its 
dispersal, and control were similar to that previ- 
ously described.® The experimental conditions in 
the inhalation chambers and the particle size 
distribution of the various dusts are listed in 
Tables 2 and 3. 
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TaBLe 2.—Experimental Conditions of Inhalation Exposure 


Glass Quartz Kaolin 
Rats Guinea Pigs Rats Guinea Pigs Rats Guinea Pigs 
Dust concentration, mg/cu. m.* 18.6 17.1 21.6 24.0 27.0 23.4 
Average particle size, t 
Optical microscopy, X 970 1.1 1.2 0.7 
Electron microscopy, X 18,720 0.06 0.04 0.04 
Air flow, cu. m/hr. 4.0 4.0 4.0 


* The calculated numbers of particles per cubic foot in the different chambers vary as follows: 
from 2.7X10* to 1.6X10°* if based on optical microscope sizing; 
from 1.7X10'? to 8.6X10'? if based on electron microscope sizing. 

t Surface mean diameter *#/End *). 


In an attempt to minimize infections, all animals Results 
throughout the laboratory were given a saturated ar 
solution of sulfathiazole for eight hours once 1. Eye Irritation Study.—The glass par- 
every week as drinking water. ticles were very effectively cleared from the 


Deaths caused by pneumonias made 13 replace- 
ments necessary among the guinea pigs during 
the first five months of exposure. After the con- 
clusion of the 12-month exposure period, the 
animals were pastured for another year. After 2. Ingestion Study.—The significant data, 
6 months and again after 12 months of exposure, including those of average food and glass 


ocular conjunctiva by blinking. Careful 
search for corneal defects failed to reveal 
any abnormality. 


TABLE 3.—Particle Size Distribution of Inhalation Chamber Dusts * 


Glass Quartz Kaolin 
Particle — 
Diameter, u % by number % by mass % by number % by mass % by number % by mass 
<0.4 68.2 2.0 64.8 1.2 52.0 3.5 
0.4 16.0 3.8 10.4 1.6 33.2 18.1 
0.6 6.6 5.3 6.0 3.1 9.6 17.6 
0.9 4.2 11.3 8.6 14.8 3.4 21.1 
1.3 2.8 22.8 7.6 39.0 1.6 29.8 
1.8 2.0 . 43.2 2.4 33.0 0.2 9.9 
2.5 0.2 11.6 0.2 7.3 


* Determined by optical sizing with oil immersion at a magnification of « 970. 
several animals from each group wpre killed for consumption, mean body weights, and organ 
the purpose of sampling. All survivors were killed . . ee ‘ 
weights, are given in Table 4. A graphic 
at the end of the second year. Autopsies were 5; te : 
performed on all animals killed as well as on those Tepresentation of the gain in body weight 
that had died of intercurrent infections. Sections jis given in Figure 1. 


were prepared and stained as in the intratracheal T : 3 
injection series. Incineration studies were also per- hroughout the feeding period of one 


formed on selected slides in this series. year, there was no appreciable difference 


Total Diet Food Glass Mean Wt., Organ Wt., 

Consumed, Consumed, Consumed, Gm. Mean % of Body Wt. 

Av/Rat/Day, Av/Rat/Day, Av/Rat/Day, Gain, 

Level Survival Gm. Gm. Gm. Initial Final Gm. Liver Kidney 
10°% glass 9/10 19.6 17.6 1.95 138 430 292 3.5 0.7 
Pair-fed control 8/10 17.2 17.2 os 137 411 274 3.3 0.7 
Ad lib control 9/10 19.1 19.1 a 141 480 339 3.3 0.7 
50% glass 10/10 34.2 17.1 17.1 128 411 283 3.1 0.7 
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Fig. 1—Growth curves of male rats fed normal diets and glass dust. 


between the control groups and those re- 
glass in their diet as judged 
by general appearance, behavior, growth 
(Fig. 1) and survival (Table 4). All of 
the rats on the 50% glass diet survived the 
experiment. The deaths in the other three 
groups appeared to have been caused by 
pneumonia and were associated with weight 
losses. 


ceiving 


The average total diet consumed per rat 
per day on the 10% glass level (Table 4) 
approximated the amount eaten by the ad 
libitum controls. The rats on the 50% glass 
level compensated for the large amount of 
non-nutritive material in their diet by al- 
most doubling their daily food intake so 
that the actual amount of food consumed 
each day approximated the corresponding 
values for the 10% glass and the pair-fed 
control groups. The growth curves of these 
three groups closely approximate each other. 

The average weights of the liver and 
kidneys as listed in Table 4 indicate that 
there is no significant difference between 
the values obtained for the experimental 
groups and the corresponding values for 
the controls. 

Microscopic examination of the various 
organs from all of these animals revealed 
no significant abnormality. There was no 
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evidence of trauma, ulceration, or degen- 
eration of the gastrointestinal mucous 
membrane. 

3. Pulmonary Studies.—A. Inhalation of 
Glass Dust—Guinea Pigs: Grossly, no sig- 
nificant changes were noted. Microscopi- 
cally, there were widely scattered, relatively 
small foci of clustered alveoli which con- 
tained massed dust cells. Proliferation of 
alveolar lining cells about the dust cells 
caused widening of some of the alveolar 
walls. The dust cells varied in color from 
tan to brown and gave a positive reaction 
for iron. The lung tissue between the dust 
foci was generally normal. No collagen 
formation attributable to the dust could be 
demonstrated. 


The lymph nodes contained dust cells in 
the form of small foci and also loosely 
scattered. 

Foci of spontaneous disease were fairly 
common and had to be differentiated from 
the experimentally induced lesions. The 
former included foci of interstitial eosino- 
philic pneumonia, focal adenomatosis, and 
a peculiar lipid pneumonia in which signet- 
ring type cells were a striking feature. 

There were also four instances of an 
interesting disease of connective tissue 
characterized by focal interstitial pulmo- 
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Fig. 2.—Guinea Pig 


309, exposed to glass dust 
in inhalation chamber for 
12 months and then pas- 
tured for another year. 


This is the characteristic 


ir glass dust depot. The dust 

. 

< deposits are small, widely 


separated, and few in 

ud number. A depot consists 

of clustered alveoli which 

“>. 

contain aggregated, dust- 

filled macrophages. Alve- 

‘ olar walls show mild to 

moderate proliferation of 


. 
alveolar cells. There is no 
fibrosis. Hematoxylin and 
eosin; 197. Reduced 
8% of the original. 


Fig. 3.—Guinea Pig 
304, exposed and pastured 
as animal in Figure 2. 
This is a portion of a 
paratracheal lymph node. 
In addition to lympho- 
cytes, scattered dust-filled 
phagocytes are present. 
The latter are difficult to 
identify at this magnifi- 
cation. Hematoxylin and 
eosin; 197. Reduced 
8% of the original. 
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nary fibrosis, associated with prominent 
basophilia of elastic tissue, and calcification. 
In addition to pulmonary involvement, as 
part of the syndrome there were lesions in 
the aorta, pulmonary artery, renal arteries, 
the heart, and kidneys. This pulmonary 
disease, which resembles a disease in hu- 
man lungs recently described will be the 
subject of a separate publication. 

B. Inhalation of Glass Dust—Rats: No 
significant macroscopic lesion was noted. 
The microscopic indications of dust expo- 
sure were minimal and consisted of widely 
scattered small foci of clustered alveolar 
macrophages tan to brown in color. There 
were also the usual para- and perivascular 
collections of lymphocyte-like cells not un- 
usual in the lungs of rats and guinea pigs. 
Some of these cellular foci contained a few 
dust cells. The alveolar walls often were 
thickened in the regions of the dust cells 
by a proliferation of lining cells. A rare 
alveolar giant cell was found. The inter- 
vening lung tissue was normal except for 


an occasional focus of spontaneous disease. 
There was less evidence of dust storage in 
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animals killed near the end of the second 
year than immediately after the conclusion 
of the 12-month dust exposure. 

The lungs of rats that had died, even 
after a full 12-month exposure, contained 
little or no evidence of such exposure in 
the presence of pneumonia or edema, in 
spite of the fact that the lymph nodes of 
these animals contained the usual dust-cell 
foci. Such dust-cell foci were also present 
in the lymph nodes of rats that had been 
killed. They consisted of small collections 
of tan-colored macrophages and were not 
associated with the formation of connective 
tissue. 

C. Intratracheal Injection (Coarse Par- 
ticle Size) of Glass Dust: The lungs 
showed no significant gross changes. Evi- 
dence of the injections could be seen micro- 
scopically in the form of scattered, small 
accumulations of transparent plates and 
spicules occupying a single alveolus or a 
small cluster of alveoli. These collections 
of glass fragments were associated with 
pronounced proliferation of alveolar-lining 
cells, and some became surrounded by a 


Fig. 4—Same field as 
in Figure 3, with super- 
imposed ash pattern show- 
ing a greater amount of 
dust present in the tissue 
than might be suspected 
from the appearance in 
Figure 3. 197. Re- 
duced 8% of the original. 
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Fig. 5.—Rat 3173, ex- 
posed to glass dust in 
inhalation chamber for 
one year and then pas- 
tured another year. Dust 
deposits are widely sep- 
arated, usually situated 
about vessels or bronchi 
and composed of few 
clustered alveoli which 
contain dust-filled macro- 
phages. In this field, the 
dust-containing alveoli are 
near a bronchiole. Mild 
alveolar cell proliferation 
is present about the 
plugged air spaces. He- 
matoxylin and eosin; X 
197. Reduced 8% of the 
original. 


Fig. 6—Tracheal 
lymph node from Rat 
3173 showing well-de- 
fined foci of large, pale, 
reticuloendothelial cells 
which contain granules in 
the cytoplasm. No fibrosis 
is present. Hematoxylin 
and eosin; 197. Re- 
duced 8% of the original. 
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Fig. 7.—Same field as 
in Figure 6 but with 
superimposed ash pattern 
showing densely aggre- 
gated dust which is prac- 
tically limited to the foci 
of large, pale cells. X 
197. Reduced 8% of the 
original. 
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Fig. & —Rat 3080 
treated intratracheally 
with 25 mg. coarse glass 
dust and killed one year 
later. One of the widely 
scattered, small depots of 
glass dust. The site of 
the glass plates is indi- 
cated by the clefts with 
parallel sides. These clefts 
are associated with pro- 
liferation of alveolar cells 
and an occasional giant 
cell. The depot is de- 
limited by alveolar walls. 
Hematoxylin and eosin; 
« 197. Reduced 8% of 
the original. 
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very thin, single layer of spindle cells. At 
the end of 12 months, only occasional thin 
collagen fibers were found associated with 
these foci. An occasional multinucleated 
giant cell was also noted. The intervening 
lung tissue was normal except for a few 
coarse scars representing pneumonic residua 
of the injection. The lymph nodes were 
uniformly without significant findings. 

D. Intratracheal Injection (Fine Par- 
ticle Size) of Glass Dust: Grossly, the 
lungs presented no significant change. Mi- 
croscopically, a few widely scattered small 
alveolar dust foci were found in nearly 
every section. A few of the dust foci were 
also found interstitially, situated in the 
loose, edematous periadventitial stroma of 
vessels and bronchi. The foci were com- 
posed of tan, dust-filled macrophages some 
of which contained iron. In some of the 
foci a few collagen fibers were noted, and 
in some there was focal proliferation of 
alveolar-lining cells. Between the dust foci, 
the lung tissue was normal except for the 
occurrence, in a few animals, of spontane- 
infectious character. The 


ous disease of 


Fig. 9.—Rat 3087 
treated intratracheally 
with 25 mg. fine glass 
dust and killed one year 
later. This dust depot, 
like those in the inhala- 
tion studies, consists of a 
few clustered alveoli 
which contain dust-filled 
macrophages. A moderate 
alveolar cell proliferation 
is present not only in the 
region of the macrophages 
but also in alveoli adjoin- 
ing nearby vessels. Hema- 
toxylin and eosin; X 197. 
Reduced 8% of the orig- 
inal. 


lymph nodes were not enlarged but con- 
tained foci of dust cells without any con- 
nective tissue reaction. 

Quartz: A.  Inhalation—guinea pigs. 
Grossly, the lungs showed only slight tan 
pigmentation and a more fleshy consistency 
than normal. Silicotic nodules were absent. 
The lymph nodes were enlarged and firm 
but not hard. 


Microscopically, the predominant feature 
was a severe diffuse proliferation of alve- 
olar cells with plugging of the air spaces 
by desquamated, quartz-filled macrophages 
as well as giant cells. The cellular prolif- 


eration caused diffuse thickening of alveolar 
walls. In some regions, this thickening was 
irregular, fusiform, or nodular. However, 
In general, 
formation was absent, although 


silicotic nodules were absent. 
collagen 
there was focal collagen formation in the 
alveolar walls of some animals. No collagen 
was found in the lymph nodes which were 
enlarged and in which the lymphoid tissue 
had been replaced by masses of dust cells 
and multinucleated giant cells. 
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In addition to scattered, insignificant foci 
of spontaneous disease in surviving ani- 
mals, there were 12 deaths from pneu- 
monia. Some pneumonias were of the 
eosinophilic, interstitial type, others were 
frankly purulent, while still others had a 
lipidic component. 

One instance of systemic connective tis- 
sue disease was found in which there was 
focal pulmonary fibrosis with basophilia 
and calcification of elastic tissue. 

B. Inhalation—rats. Grossly, the lungs 
of this group of animals showed irregular 
consolidations of a fleshy character. The 
hard, gray-white, nodular, cartilage-like 
consolidation typical of silicosis was not 
seen. The lymph nodes were enlarged and 
firm-to-hard. 

The microscopic examination revealed 
widespread formation of nodules typical of 
silicosis, except that no collagen was pres- 
ent at 6 months and relatively little at 12 
months. After this time, there was increas- 
ingly greater collagenization of the silicotic 
nodules. In addition to the formation of 
nodules, there was widespread and increas- 
ingly severe alveolar stasis of lipidic debris 
and macrophages. This was associated with 
widening of alveolar walls, which developed 
collagen with the passage of time. The 
number of silicotic nodules and the amount 
of alveolar debris was usually sharply re- 
duced in animals which had pneumonia or 
pulmonary edema. 

The lymph nodes showed variable de- 
grees of fibrosis and extensive replacement 
of lymphoid tissue by masses of reticulo- 
endothelial cells. 

C. Intratracheal injection—rats. As in 
the preceding group, the gray-white carti- 
lage-like, nodular consolidation usually seen 
in well-developed experimental silicosis was 
not seen in the lungs of these rats. Instead, 
a more fleshy, irregularly distributed con- 
solidation was found. 

Microscopically, numerous silicotic nod- 
ules were present which were cellular and 
contained no collagen at six months. At 
the end of the year, the nodules in most 
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animals demonstrated considerable amounts 
of collagen. However, there were a few 
rats in which collagenization of the nodules 
was still absent at this time. There was 
much alveolar stasis of lipidic debris and 
macrophages. In the regions of alveolar 
stasis, there were many cholesterol crystals 
with associated giant cells. The alveolar 
walls adjoining plugged air spaces were 
widened by proliferation of the lining cells, 
and, in the older animals, focal collageniza- 
tion of the thickened walls was noted. 


The lymph nodes were enlarged and 
showed varying amounts of fibrosis. Much 
of the lymphoid tissue was replaced by 
masses of dust-containing reticuloendothe- 
lial cells. 

Kaolin: A. Inhalation—guinea pigs. 
Aside slight pleural mottling of 
opaque tan, no significant gross change was 
noted in the lungs. 


from 


Microscopically, there were widely scat- 
tered relatively small foci of clustered alve- 
oli plugged by massed dust cells similar to 
those of glass dust. Here, also, there was 


widening of adjoining alveolar walls by 
proliferated alveolar cells. No collageniza- 
tion was found. The intervening lung tissue 
was normal except for occasional foci of 
spontaneous disease. 


The lymph nodes contained large masses 
of dust cells but showed no connective 
tissue reaction to their presence. 

A number of spontaneous deaths oc- 
curred. Many of these guinea pigs had a 
chronic pneumonia in which lipid-contain- 
ing cells of signet-ring type were a striking 
feature. When pulmonary edema was de- 
monstrable in the sections, the dust foci 
appeared disrupted and reduced in number. 
also three the 
same type of systemic connective tissue 


There were animals with 
disease as was noted in the other groups. 
This was associated with focal interstitial 
pulmonary fibrosis, elastic tissue basophilia, 
and calcification. 

B. Inhalation—rats. Except for slight 
tan pleural mottling, no significant abnor- 
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mality was noted grossly in the lungs of 
this group. 

There were numerous relatively small, 
scattered dust foci composed of packed, 
large, dust-filed macrophages which 
plugged alveoli and were delimited by alve- 
olar walls. Delicate collagen fibers could 
be seen coursing between the cells and 
were also occasionally noted about the pe- 
riphery, in the alveolar walls. Some of the 
dust foci contained a sprinkling of small 
lymphocyte-like cells. The intervening lung 
tissue was unaffected by the dust. 

In the presence of spontaneous disease, 
the dust foci were often disrupted, so that 
loose, clay-filled macrophages were found 
scattered in the air spaces over large areas 
and the number of discrete dust foci was 
reduced. 

The lymph nodes contained large masses 
of dust-filled macrophages, but no collagen 
formation was demonstrable. 

C. Intratracheal injection—rats. The 
gross findings were similar to those of the 
preceding group. The kaolin dust foci mi- 
croscopically were generally small and 
Their structure was 
identical to that of the preceding group. The 
intervening lung tissue was unaffected by 
dust and essentially normal. 


widely scattered. 


The lymph nodes were also very similar 
to those of the preceding group. 

Mazola Control: Grossly, the lungs ap- 
peared normal. Microscopically, the lung 
sections showed only an occasional alveolus 
containing a group of unattached brown- 
pigmented macrophages. No collagen for- 
mation was noted, and the lymph nodes 
were normal throughout. 


Comment 


It is highly probable that the relatively 
large flat surface presented by the glass 
flakes caused them to become oriented par- 
allel to the conjunctival surface due to sur- 
face attraction of the conjunctival fluid. 
This parallel orientation diminished the 
probability of injury from the sharp edges 
of the flakes. 
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It would seem that the effect of the glass 
in the diet was entirely that of a bulky, 
biologically inert material. The depression 
in the growth curve of the 10% glass group 
as compared to that of the ad libitum group 
can be accounted for by the fact that, al- 
though an appreciable amount of the dietary 
intake of the former group was non-nutri- 
tious, this dietary intake was approximately 
the same as that of the ad libitum group. 

Inasmuch as there were no significant 
changes in general behavior, organ weight, 
or the microscopic appearance of the vari- 
ous organs, it is probable that the slight 
depression in the growth of the experi- 
mental groups is due to a less-than-opti- 
mum average daily food intake of adult 
rats (19-20 gm.). If the rats on 10% glass 
level had not been satisfied by the bulk of 
their diet but would have increased their 
daily intake by 10%, it is probable that 
there would have been no discernible differ- 
ence between this group and the ad libitum 
control group. 

The lack of irritating qualities to skin 

mucous membranes of the flake-like 
glass dust particles is probably due to two 
important properties of this material. The 
first is the insolubility, and, hence, biologic 
inertness, of glass in general. The second 
is that because of the large, relatively flat 
surface of these dust flocculi in particular 
they tend to orient themselves parallel to 
the surface and to float upon the film of 
fluid present (on mucous membranes). The 
sharp edges of the particles thereby are 
given little opportunity to inflict tissue 
damage. 


or 


In view of the insolubility of glass, the 
absence of toxicity is not surprising, even 
from such massive dosage as is represented 
by the animals that ingested an amount of 
glass equivalent to the weight of their food, 
every day for one year. The significant 
difference in the weight curve of the above 
animals as compared to that of the control 
group can be explained on the basis that 
the former could not ingest sufficient food 
to equal the caloric intake of the controls 
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because of the large bulk of their diet. 
Furthermore, the experimental rats ob- 
tained but little rest because they were eat- 
ing practically continuously in an attempt 
to obtain their desired caloric intake. 

However, one must concede the possi- 
bility of mechanical trauma from sharp- 
pointed or sharp-edged objects situated in 
a hollow organ which undergoes rhythmic 
vigorous contractions. Nevertheless, it is 
relatively difficult to create conditions 
whereby such sharp objects capable of pro- 
ducing trauma may be unwittingly swal- 
lowed. The present investigation establishes 
that finely ground glass is incapable of 
producing a traumatic effect. What the 
minimum dimensional requirements might 
be for crushed glass to produce a traumatic 
effect on the alimentary tract could very 
well be the subject for further research 
(in the field of forensic medicine!). In 
general, it would seem that glass fragments 
sufficiently coarse to be capable of produc- 
ing trauma may be unwittingly ingested 
with food only by a person who swallows 
food without chewing it or who has lost, 
partially or completely, the ability to sense 
the presence of foreign nonfood material 
in his mouth. Certainly, glass in the form 
of dust can be exonerated from any suspi- 
cion that it can traumatize the alimentary 
tract. 

The pulmonary response to coarse glass 
dust in the form of flakes or plates is mini- 
mal, consisting of alveolar-cell prolifera- 
tions and of a thin investment of such glass 
fragments by a single layer of flattened 
cells and few delicate collagen fibers. In 
this laboratory, the reaction to equally 
coarse kaolin particles has been found more 
aggressive. Foreign-body giant cells were 
usually much more abundant and prolifera- 
tion of alveolar cells upon nearby alveolar 
walls was more pronounced in relation to 
the kaolinite crystals. 


The pulmonary reaction to the presence 
of the fine glass dust in both rats and 
guinea pigs is no more severe than the 
reaction to similarly fine kaolin dust and 
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frequently less so. The reaction is nonfi- 
brogenic and consists essentially of small 
collections of alveolar dust cells that be- 
come reduced in number with the lapse of 
time. Whereas most of the kaolin dust de- 
posits are properly classified as interstitial, 
no significant interstitial deposition of fine 
glass dust occurs. 

Glass dust deposits in lymph nodes are 
much less abundant than kaolin dust de- 
posits and, similar to the latter, appear to 
be completely inert. No bronchial or bron- 
chiolar disease attributable to glass dust 
could be demonstrated. 

The experimental conditions under which 
the animals had been exposed to glass dust 
in no way duplicated the conditions of shop 
practice, inasmuch as the glass-dust content 
of the chamber air was astronomically high. 
Furthermore, whereas in industrial practice 
the glass-dust particles (from glass fibers) 
are so large as to be nonrespirable,’ nearly 
all of the dust in the chambers was exceed- 
ingly fine and, therefore, respirable. Thus 
these conditions of optimal exposure serve 
only to emphasize the minimality of the 
glass-dust lesions produced in these ani- 
mals. 

In the study of dust from glass wool? 
mentioned earlier, the are 
drawn that this particular dust 
caused endobronchiolar and peribronchiolar 
lesions, a “tendency toward bronchial epi- 
thelial hyperplasia,” and interstitial pneu- 
monitis. 


conclusions 


glass 


Although the critical reader may not be 
in a position to deny these conclusions, he 
may well question their justification. The 
findings upon which the above conclusions 
are based occur with sufficient frequency as 
stock animals to 
make mandatory proof that they are not 
of spontaneous origin and that they are 
related to the dust exposure. Such proof 
was not furnished. Indeed, there was no 
mention in the published article that any 
controls had been used. 


spontaneous lesions in 


It may perhaps be superfluous to point to 
the necessity for adequate controls in bio- 
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logical investigations. A case in point is 
the present investigation in which it was 
found that 4 out of 16 guinea pigs exposed 
to glass dust suffered from a striking, 
hitherto undescribed interstitial pulmonary 
fibrosis with calcification. Since, to our 
knowledge, no such lesion has previously 
been reported or seen in animals, it would 
follow that it was the glass dust that 
caused the pulmonary fibrosis. We were 
fortunately saved from falling into this 
error by the fact that it has been customary 
in this laboratory to run two additional 
series of animals as controls whenever an 
unknown dust is under investigation. These 
two additional series of animals are ex- 
posed to quartz and kaolin dusts, respec- 
tively, under conditions as nearly identical 
as possible to those of the experimental 
dust. As previously indicated, interstitial 
pulmonary fibrpsis identical to that in the 
glass-dust group was also found in animals 
exposed to kaolin as well as to quartz dust. 
This seems to point not to the glass dust 
but to some as yet undetermined factor in 
the technique as a causative factor. 

The failure of our quartz dust to produce 
silicotic nodulations in guinea pigs and the 
temporary inhibition of silicotic fibrosis in 
rats had not been anticipated. Investigation 
disclosed that the quartz dust contained 
considerable iron, and the latter modified 
and inhibited the silicotic manifestations.’ 
At the same time, it was found that similar 
admixture had also occurred with the kaolin 
and glass dusts. It was this admixed iron 
gave the alveolar dust cells in all 
groups the tan-to-brown pigmentation. 


which 


The question may be raised as to the 
extent to which admixed iron may have 
modified the pulmonary response to glass 


dust. A positive answer cannot be given. 


However, inasmuch as the inhibitory effect 
of iron is only of temporary character in 
the case of quartz dust in the rat, it would 
seem reasonable to anticipate no more than 
a temporary inhibitory effect, if any, in 
the case of glass dust in the rat. The fact 
that the effects of glass dust in rats which 
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had been killed at two years were even 
more trivial than those killed at one year 
speaks against any inhibitory effect of iron. 
Furthermore, we have had abundant pre- 
vious experience with the pulmonary effects 
of kaolin dust without iron contamination, 
and we do not see any significant difference 
in the histopathologic picture produced in 
the lung by kaolin dust whether contami- 
nated by iron or not. In spite of the 
ameliorating effect of iron, the pulmonary 
involvement due to quartz was much more 
extensive and severe than that due to glass. 

It has been inferred that glass dust in 
filamentous form may be biologically more 
active than glass dust in the form of, say, 
spherules because of the mechanical irrita- 
tion of the sharp points.? This is, of course, 
pure conjecture and is based on a similar 
conjecture made in regard to the biologic 
activity of asbestos fibers. Unfortunately, 
there are at present no data which could 
serve either to support or to reject this 
assumption. However, a filamentous dust 
of glass-like material (aluminum silicate) 
has been shown recently to be biologically 
inert.® Besides, if the theory of mechanical 
irritation should apply to silicates like glass 
and asbestos, it should also apply to the 
sharp-edged crystals of quartz. Yet, the 
mechanical theory of the biological activity 
of silica has been discarded.!® It is appar- 
ent that any difference between filamentous 
and flake glass of identical composition will 
tend to disappear if the glass is ground 
finely enough (as was done during this 
investigation ). 


Summary and Conclusions 


A study was made of the biologic effects 
of glass dust upon the conjunctiva, the 
gastrointestinal tract, and the lungs of ex- 
perimental animals. 

No effect of glass dust and glass flakes 
was demonstrable upon the conjunctiva. 

No toxic or traumatic effect was demon- 
strable upon the gastrointestinal tract. 
There was only slight depression of the 
growth rate when rats ingested a diet con- 
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taining as much ground glass as food. This 
depression was due entirely to a lower food 
intake caused by the bulkiness of the glass 
diet. 

The pulmonary changes in guinea pigs 
exposed to fine glass dust for one year and 
those of rats either exposed to the same 
dust or given injections intratracheally 
with it were minimal in character and con- 
sisted only of small focal alveolar dust cell 
collections without fibrosis. In the pulmo- 
nary lymph nodes there were also focal 
intracellular glass-dust deposits which were 
likewise not associated with reactive fibro- 
sis. There was no bronchial disease attrib- 
utable to the dust. 

Compared to kaolin, the pulmonary effect 
of fine glass dust was even more benign, 
because the stored dust remained alveolar in- 
stead of occupying interstitial positions and 
therefore was more readily mobilized and 
cleared from the lung. 

Coarse glass dust injected into the lungs 
of rats behaved like inert foreign material 
and was associated with minimal foreign 
body reaction without significant collagen 
formation. 


Industrial Hygiene Foundation, Mellon Institute. 
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Contribution to the Metabolism of MnNa, Edathamii 


JINDRICH SYKORA; ZDENEK KOCHER, and VLADISLA EYBL, Plzen, Czechoslovakia 
With the Technical Assistance of M. LucGkovaé and M. Kosanova 


The treatment of metal poisoning with 
complexing agents may be successful if the 
complex that is formed is sufficiently stable, 
does not undergo unfavorable metabolic 
change, and is rapidly excreted from the 
organism. Experimental manganese poison- 
ing and the influence of edathamil calcium- 
disodium on its treatment have been long 
studied in our laboratories,'* as has the 
the isolated complex of 
manganese with the ethylenediaminetetra- 
acetic acid. 


metabolism of 


We assume that a complex anion is 
formed of Mn Y*~(Y*4>=anion edathamil), 
while edathamil calcium-disodium effects 
the manganese detoxication. We used the 
isolated complex MnNavY - HeO, which we 
had prepared for this study (details shall 
be described in another report). This com- 
plex is believed to dissociate in the organism 
with the formation of MnY?~. Mn with 
edathamil forms other complex ions in 
vitro, e.g., HMnY~-,MneY, with trivalent 
Mn:Mn**+Y,M%+(OH) Y?>~. It has not yet 
been determined that any of these ions may 
be formed in vivo or whether the complex 
Mn** in the living organism is solid and 
what governs its dissociation, 

We examined the toxicity of edathamil 
MnNape followed the excretion of 
manganese in the urine and feces after the 
application of various 


and 


doses of edathamil 
MnNaz in rats, as well as the excretion of 
manganese into the bile after the applica- 
tion of various compounds of manganese 
in guinea pigs. 


Received for publication March 13, 1958. 
Department of Industrial Health and Occupa- 
tional Medicine, Kunz (Dr. Sykora), and Depart- 


ment of Pharmacology, Faculty of Medicine, 
Caroline University (Prof. Dr. Kécher and Dr. 


Eybl). 
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We used the complex edathamil MnNazY- 
H.O for our experiments. It was prepared 
by the reaction of edathamil NeHeY- 
with MnCO;. The complex 
MnNasCHENTA (CHENTA=1,2, cyclo- 
hexanediamine NN N’ N’ tetra-acetic acid), 
which we used in our experiments on the 
excretion of manganese into the bile, was 
prepared in the same way.* The amount of 
manganese in the complexes was analytically 
controlled. 


Experiment 


A. Toxicity of Edathamil MnNaz—The toxicity 
of the edathamil MnNasz complex was determined 
in white rats, weighing 150-200 gm. The complex 
was given in a 10% solution intraperitoneally, and 
the animals were observed for 10 days. The LD« 
of edathamil MnNaz was 1,930 mg. per kilogram. 


After Application of Edathamil MnNaz.—The ex- 
periments were performed in white rats which 
were given edathamil MnNaz in various doses, 
10.4, 30.0, 52.0, 60.0, 140.0, and 156.0 
mg/100 gm. The were 
put into metabolism cages, and samples of urine 
and feces were taken regularly each 24 hours for 
three consecutive days. 


subcutaneously. animals 


Manganese was determined colorimetrically as 
the permanganate. After addition of NazCOs to the 
sample and dry-ashing analysis in a crucible, the 
residue was dissolved in HNOs (1:1) and a few 
drops of 5% AgNOs and enough Hg (NOs)2 added 
to dissolve AgCl. The sample was then oxidized * 
to permanganate by solid (NH,4)2S2Os. 

The animals were fed a standard diet, and the 


amount of manganese contributed by the food 
was subtracted to obtain the manganese content 
of the administered dosage. 

Figure 1 shows the amount of manganese ex- 
creted in per cent in the first 24 hours after the 
administration of edathamil 
MnNase. The excretion of manganese in the urine 


increases significantly with the increasing amount 


various doses of 


* The firm of A. G. Siegfied, Zofingen, Switzer- 
land, supplied the 1,2, cyclohexanediamine NN 
N’ N’ tetra-acetic acid (Complexon IV). 
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of edathamil MnNas. On the contrary, the per 
cent of the excreted manganese in the feces sig- 
nificantly decreases with the increasing amount 
of edathamil MnNas The total amount of the 
excreted manganese in the urine and feces, ex- 
pressed in per cent, is practically unchanged and 
varies between 52% and 66%, averaging 56.4%. 

C. Excretion of Manganese in Bile—The ex- 
cretion of manganese in the bile was determined 
in guinea pigs, weighing 350-400 gm. They were 
given subcutaneously (1) MnCle in a dose of 
60 mg. per kilogram, (2) edathamil MnNas 
in a corresponding dose, and (3) complex MnNae- 
CHENTA, also in a corresponding dose. In all 
three cases the same dose of Mn* (20.97 mg.) 
had been given. The gallbladder with its contents 
was extracted two hours after the application, 
and the concentration of manganese in the bile 
was determined. 

Figure 2 shows the average concentration of 
manganese in micrograms per gram of the native 
bile two hours after administration of the various 
compounds of manganese. Five to seven animals 
were used in each group. 

The concentration of manganese in the bile after 
administration of MnCl increases significantly in 
comparison with that of the controls. An increased 
amount of manganese in the bile after adminis- 


Svkora et al. 


tration of edathamil MnNas was also found. There 
was, however, no significant difference between 
the amounts of manganese found in bile from 
equivalent dose of MnCl, and edathamil MnNas. 
Significantly less was found in the bile after 
administration of MnNasCHENTA in contrast to 
that from MnCle and edathamil MnNas. 


D. Chromatographic Analysis —Manganese bound 
with edathamil was found in the urine of rats that 
were MnNaz. 
Pribil, it is possible to oxidize manganese bound 
with edathamil by NasBiOs, KsCr2O;, in acetic 
acid medium to a red-colored trivalent complex. 
This reaction is specific for manganese bound with 
edathamil. After the application of KsCrsO; and 
acetic acid, a red color appears in the urine of 
the rat that was given edathamil MnNaz. We used 
this reaction to detect manganese bound with 
edathamil on the chromatogram of the urine in 
rats after the administration of edathamil MnNaa. 
The sample of the native urine was, after the 
deproteinization by alcohol or trichloracetic acid, 
put on Whatman paper No. 2 and the chromato- 
gram developed in the mixture of isopropyl al- 
cohol and 0.2N MCI (1:1). After drying it was 
sprayed with a mixture of KsCr:O; and acetic 
acid. Manganese bound with edathamil appears in 
the red stain. Chromatography with pure edathamil 
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MnNaz was also performed. As the Rf values 
were not reproducible, we will report this part of 
the research elsewhere. 


Comment 


Our LDso value of edathamil MnNag is 
within the limits for edathamil salts accord- 
ing to the literature.® 

Manganese remains bound in the form 
of complexes with edathamil in the urine 
after administration of edathamil MnNag. 

The amount of manganese in the urine 
varies from 22% to 53% of the applied 
dose. This amount is significantly smaller 
than the excretion of calcium after admin- 
istration of edathamil calcium-disodium. 
The urinary excretion of calcium in the 
form of a complex varies from 70% to 
80% of the applied dose.* 

The per cent of manganese excreted in 
the feces decreases with increasing dose of 
edathamil MnNag, decreasing from 36.5% 
to 4.8%. A similar relation was proved in 
former experiments after the application of 
increasing amounts of MnCle.1? It has yet 
to be determined what is the cause of this 
relative decrease of manganese in the feces. 
Overburdening of reticuloendothelial sys- 
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tem or liver parenchyma cells may be in- 
volved. 

Further, we have found that manganese 
is excreted through the bile into the stool 
even after the administration of the com- 
plex of edathamil MnNag in guinea pigs. 
It was not possible to prove that manganese 
was bound to edathamil in the bile of guinea 
pigs given edathamil MnNazg, although this 
was demonstrable in rat urine. There was 
no staining by manganese bound with 
edathamil MnNag detected on these chroma- 
tograms, although they were developed in 
the same way as those with urine. It may 
be possible to demonstrate this with eda- 
thamil MnC™ or edathamil 


We have concluded that edathamil MnNage 
decomposes in the organism. The manganese 
set free in hydrolyzed form either passes 
through the reticuloendothelial system or 
goes directly, in the form of complexes with 
bile acids, into the bile. This opinion is 
supported by the difference found in the 
concentration of manganese in the bile after 
the application of edathamil MnNag and 
MnNasCHENTA. The stability constants 
of both these complexes, however, differ 
significantly® (Log Kyy edathamil 
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MnNag= 14.04, log KyyMnNasCHENTA 
=16.78). 


Summary 


The intraperitoneal LDs9 of edathamil 
MnNayz in white rats was 1,930 mg. per 
kilogram. 

The excretion of manganese in the stool 
and urine in the first 24 hours after the 
administration of various doses of edathamil 
MnNaz was followed. The excretion of 
manganese in the urine increases with the 
increasing dose of edathamil MnNag; the 
excretion of manganese in the stool de- 
creases. with increasing manganese doses. 

Manganese is excreted into the bile after 
the administration of edathamil MnNag as 
well as after MnCle. It is concluded that 
there is a partial decomposition of edathamil 
MnNaz in the organism. 


Department of Industrial Health and Occupa- 
tional Medicine, Kunz. 
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The Saturated Monobasic Aliphatic 


W. F. von OETTINGEN, M.D., Ph.D., Bethesda, Md. 


Acetic Acid and Esters: Acetic Acid 


Chemistry —A cetic acid, ethanoic acid, 
CH;COOH, has the molecular weight 60.05. It is 
a colorless liquid of pungent odor and the spe- 
cific gravity 1.049 at 20/4 C, melts at 16.6 C, and 
boils at 118.1 C. It is volatile with steam, and 
miscible with water, alcohol, and ether. The flash 
point of glacial acetic acid is 104 F (40.0 C) 
(closed cup), and 110 F (43.33 C) (open cup), 
and its lower explosive limit is 4%, whereas the 
upper limit has evidently not been determined. The 
autoignition temperature is 1050 F (565.56 C). 

Glacial acetic acid contains 99.5% acetic acid, 
dilute acetic acid 5.7%-6.3%, “Essence of Vinegar” 
80%, and vinegar 4%-6%. 

Most acetates are easily soluble in water, ex- 
cept silver acetate, one part of which is soluble 
in 115 parts of water at 10 C (Rosenthaler, 1923). 
Acetic acid is more stable towards oxidation by 
chromic acid and potassium permanganate than is 
formic acid, With inorganic ferric salts it gives 
a blood-red color forming the monoacetate of a 
hexa-acetotriferric base (Weinland and Gussmann, 
1910). This color disappears upon heating, due to 
formation of basic iron salts. 

When heated with ethanol and sulfuric acid, 
ethyl acetate is formed, which may be recognized 
by its fruity odor, 

Dry sodium acetate heated with arsenic trioxide 
yields cacodyl, Ase(CHs)2O, which may be easily 
identified by its fetid odor. 

When acetic acid is heated with an excess of 
calcium carbonate, acetone is formed. 

In the presence of small amounts of iodine and 
ammonia, neutral acetate solution gives with 
lanthanum nitrate a blue color, the limit of sensi- 
tivity being 0.44 mg. % (Kriiger and Tschirch, 
1929). 


Received for publication June 15, 1959. 
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Acids and Their Esters 


Industrial Uses —Acetic acid is used extensively 
in the plastics industry, the manufacture of sol- 
vents, in the textile industry, and in numerous 
other chemical operations and trades. 


Determination in Air—According to Flury and 
Zernik (1931), acetic acid may be determined in 
air by passing the mixture through an absorber 
containing n/10 sodium hydroxide solution, and 
determining the amount of acid neutralized by 
titration. As pointed out by Lehmann and Yamada 
(1908), the presence of carbon dioxide and of 
other acids in air will interfere with this determi- 
nation. If other acids are present, it may be neces- 
sary to trap the acids in a freezing mixture, and 
determine acetic acid by the method of Caselli and 
Ciaranfi (1942-1943) described below. 

Determination of Acetic Acid in Biological Ma- 
terial—According to Gonzales, Vance, and Hel- 
pern (1940), acetic acid may be determined in 
biological materials, such as gastric contents, by 
steeping these in water, adding a solution of tannic 
acid, and, after filtering, distilling the filtrate. In 
the distillate, the acetic acid may be identified by 
one of the color reactions cited above. For the 
quantitative determination, the distillate is made 
alkaline and evaporated to dryness, treated with 
methanol and sulfuric acid, and the resulting 
methyl esters are separated by fractional distilla- 
tion. The methyl acetate fraction is oxidized by 
heating with chromic acid solution, and the amount 
of chromic acid used is determined volumetrically 
(Caselli and Ciaranfi, 1942-1943). Ciaranfi and 
Fonnesu (1952) published a modification of this 
procedure in which the discoloration of the chromic 
acid solution is measured photometrically. 


The antiseptic properties of acetic acid are 
moderate, and according to Bach (1932) it is 20 
times less effective in this respect than formic acid. 

Irritant Properties—Acetic acid is a 
powerful irritant. As shown by Laugier 
(1895), prolonged contact of the skin with 
glacial acetic acid will cause first only mod- 
erate stinging pain, indistinct erythema, and 
moderate hyperemia within the first 30 min- 


in 
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utes. The effects increase, however, as the 
exposure continues, and finally culminate 
in slight tissue destruction, which, however, 
heals promptly. As shown by Schibkow 
(1918) the vapors of acetic acid cause irrita- 
tion of the eyes and upper respiratory 
tract, and according to Lehmann and 
Yamada (1908) this will be observed with 
concentrations of 76-59 mg. per liter (31,- 
000 to 24,072 p.p.m.). In man, however, 
concentrations of 2-3 mg. per liter (816 to 
1,224 p.p.m.) will cause marked irritation 
of the eyes, nose, and upper respiratory 
tract, and cannot be tolerated for more than 
three minutes. 


Absorption, Fate and Excretion of Acetic 
Acid.—Acetie acid is absorbed from the 
gastrointestinal tract and through the lungs 
(Lehmann and Yamada, 1908). As shown 
by Pohl (1896), Dakin (1907), Lamb and 
Evvard (1919), Lusk (1921), and Deuel 
and Milhorat (1928) it is readily, although 
not completely, oxidized in the organism. 
Kleinzeller (1943) showed that organ slices 
of guinea pigs oxidized acetic acid, the kid- 
neys being most potent in this respect. Sim- 
ilar results were reported by Buchanan, 
Hastings, and Nesbett (1943) from perfu- 
sion of the isolated rabbit heart with acetate 
solution. According to Leloir and Munoz 
(1939), and MacKay, Barnes, Carne, and 
Wiek (1940), the incubation of liver slices 
with acetate, and the administration of 
acetate animals, the 
elimination of acetone bodies (ketonic 
acids), and, as shown by Swendseid, 
Barnes, Hemmingway and Nier (1942), 
acetic acid itself is involved in this ketogenic 
action. Weinhouse, Medes, and Floyd 
(1945), and Medes, Weinhouse and Floyd 
(1945), showed by means of carboxyl- 


to normal increases 


labeled acetate that, when incubated with 
liver or kidney slices, keto bodies are in- 
termediate metabolites of acetic acid, and 
similar results were published by Buchanan, 
Sakami, Gurin, and Wilson (1945). 
“According to Buchanan, Hastings, and 
Nesbett (1943), feeding of acetate to rats 


does not increase the glycogen content of 


von Oettingen 


the liver, nor does perfusion of the isolated 
rabbit heart increase the liver glycogen Bar- 
croft and associates (1944). Whereas the 
former investigators assumed that the ace- 
tate carbon enters the glycogen molecule 
only via carbon dioxide fixation, Lorber, 
Lifson, and Wood (1945) presented evi- 
dence that in intact animals acetate carbon 
may enter glycogen without passing through 
the carbon dioxide stage. Rittenberg and 
Bloch (1944) showed that the carboxylic 
carbon of acetate may be utilized for the 
synthesis of fatty acids, when given over 
a longer period of time than in the experi- 
ments reported by Buchanan, Hastings 
and Nesbett (1943). Rittenberg and Bloch 
(1945) also found indications that a path- 
way may exist by which acetate is utilized 
for the formation of intermediates of the 
carbohydrate metabolism. The same au- 
thors, Bloch and Rittenberg (1942), showed 
that acetic acid is involved in the formation 
of cholesterol, which was confirmed by 
Kritschevsky and Kirk (1951). As pointed 
out by Bloch and Rittenberg (1944), and 
Rittenberg and Bloch (1945), acetic acid 
is also involved in the acetylation of amines, 
since, after feeding labeled acetate to mice 
and rats, the labeled carbon may be found 
in the amidine carbon of arginine, glutamic 
acid, aspartic acid, and in urinary urea. 
Hevesy (1949) showed that, after intra- 
peritoneal injection of C'-labeled acetate in 
mice, C' may be detected in the protein 
fraction of plasma, liver, kidney, intestinal 
mucosa, muscle, and brain. 

Effect of Acetic Acid on the Nervous 
System. (1894) showed that the 
administration of 3 per 
kilogram of sodium acetate causes in dogs 


Fodera 
intravenous gm. 
convulsions, opisthotonos, and death within 
five hours. Doses of 1 and 2 gm. per kilo- 
gram, given as neutralized 30% solution to 
rabbits, caused only tremors. According to 
Schibkow (1918) mice exposed to the va- 
pors of acetic acid show first excitement, 
and subsequently depression of the central 
nervous system, the animals dying from 
asphyxial convulsions. Similarly Woodard, 
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Lange, Nelson, and Calvery (1941) noted, 
after oral administration of acetic acid to 
rats and mice, progressive depression and 
narcosis. 

Effect of Acetic Acid on the Circulation. 

This has not been studied in detail. 
Schibkow (1918) reported in mice exposed 
to the vapors of acetic acid weakening of 
the heart and of the circulation, and Her- 
mann (1930) noted a temporary but dis- 
tinct fall of the blood pressure 
administration of 0.5N solutions. 


after 


Effect of Acetic Acid on the Digestive 
Tract.—Adequate oral doses of acetate 
cause catharsis, as shown by Deuel and 
Milhorat (1928), and according to Catel 
(1924) acetic acid and its salts stimulate 
in low concentrations the isolated rabbit 
intestine, and depress it in higher concen- 
trations. 

Effect of Acetic Acid on the Kidney.— 
This is less injurious than that observed 
with formic acid. As shown by Mayer 
(1886) the intravenous injection of sodium 
acetate causes diuresis of a similar degree 
as that seen after comparable doses of 
sodium chloride. Similar results were re- 
ported by Fodera (1894), and it appears 
that this diuretic action is not a_ specific 
characteristic. On the other hand, the in- 


gestion of large doses of acetic acid may 
cause severe injury of the kidneys, result- 


ing in hemoglobinuria and hematuria 


(Marx, 1914). 

Acute Toxicity of Acetic Acid—This de- 
pends largely upon its concentration, and on 
whether it is given as free acid or as salt. 
Fodera (1894) stated that in dogs the intra- 
venous administration of 3 gm. per kg. of 
sodium acetate, given as 10% solution, is 
fatal; and for rabbits Mayer (1886) gave 
the fatal dose with the same type of ad- 
ministration as 6.2 and 1.3 gm. per kg., 
depending on the concentration. With oral 
administration of the free acid, Woodard, 
Lange, Nelson, and Calvery (1941) deter- 
mined the minimal fatal dose as 3.31 gm. 
per kg. for rats, and as 4.96 gm. per kg. 
for mice. According to Mayer (1886) dogs 
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and cats tolerate the intravenous injection 
of 0.6 gm. per kg. of sodium acetate. Dreyfus 
(1920) showed that the rectal administra- 
tion of 40 cc. of a 3% of acetic acid is fatal 
to rabbits within one hour, after 48 hours 
if given subcutaneously, and after about six 
days when given by stomach tube. 


Chronic Toxicity.—Sollmann (1921) 
found that the ingestion of concentrations 
of 0.01% to 0.25% in drinking water, cor- 
responding to about 0.2 cc. per kg., had no 
toxic effect on rats over a period of two to 
four months, whereas concentrations of 
0.5%, corresponding to daily doses of about 
0.33 cc. per kg., had an immediate and 
progressive effect on food consumption and 
growth. Hemmingway and Sparrow (1942) 
reported that rats can tolerate without un- 
toward effects 30 mM. (1.80 gm.) daily 
for two weeks; whereas 40 mM. (2.40 gm.) 
daily are fatal within three to five days, the 
animals suffering from loss of weight, 
blistering of the paws, and reddening of the 
nose. In contrast, 80 mM. (4.2-4.8 gm. per 
kg.) of sodium acetate were tolerated with- 
out untoward effects. It appears therefore 
that the toxic action of acetic acid is not so 
much a function of the acetic radical as of 
its acid character. 

Acetic Acid Poisoning in Man.—The inci- 
dence is not very high, but it was so during 
a time when “essence of vinegar” was intro- 
duced for domestic use in certain countries. 
Such cases were reported by Hitzig (1896), 
Boddaert (1896), Stumpf (1898), Brandt 
(1902), Schaffer (1902), Curschmann 
(1902), Marcinowski (1902), Kratter (1904), 
and Bleibtreu (1908). Franz (1909 
and 1910) reviewed the literature on this 
subject, and collected a total of 262 fatal 
and nonfatal cases of acetic acid poisoning. 
Seventeen (6.5% ) were caused by accidental 
breakage of containers, 130 (49.7%) were 
due to accidental ingestion, 50 (19.8%) 
were suicides, 12 (4.6%) were probable 
suicides, 9 (3.4%) were definite or prob- 
able homicides, and 42 (16%) were ‘of 
undetermined character. 
additional 


Since that time, 


cases were reported by 
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Silbermann (1911), 2 by Gerhartz (1930, 
1932), 6 by Karber (1940), 37 by Karun- 
akaran and Pillai (1944), and one each by 
Dérobert, Hadangue, and Martin (1952), 
and Schwerd (1952-1954). 

The clinical picture of oral acetic acid 
poisoning is characterized by severe pain 
in mouth, pharynx, esophagus and stomach, 
and more or less severe corrosion with scab 
formation and ulceration of the oral cavity, 
uvea, soft palate and tonsils. There is im- 
mediate vomiting, frequently with blood- 
stained vomitus, and this may be associated 
with diarrhea and bloody stools. The patient 
becomes dyspneic, may develop hoarseness 
and pulmonary edema, and, later, pneu- 
monia, bronchitis, or laryngitis. Frequently 
the pulse becomes small and rapid, the skin 
clammy, the respiration rapid and super- 
ficial, and the body temperature is lowered, 
the patient offering the picture of collapse. 
In protracted cases, or in patients with early 
pulmonary involvement, there may be fever. 
Sometimes the patient dies in coma. The 
urine frequently contains albumin, blood 
cells, and casts. According to Neugebauer 
(1936) continued ingestion of fairly large 
quantities of acetic acid may be an etiologic 
factor in Laennec’s cirrhosis of the liver. 
Jurgens (1903) reported three cases in 
which “essence of vinegar” was applied to 
the eardrum in order to escape military 
draft. All three patients stated that they 
experienced no immediate pain; it started, 
however, later when a picture of subacute, 
purulent otitis media developed. After five 
days the diaphragm was partly necrotized, 
which in two instances resulted in perfora- 
tion. 

Shafto (1950) published two cases of 
burns of the cornea due to accidental instil- 
lation of a few drops of glacial acetic acid. 
Although this was immediately removed by 
lavage with tap water, and later with sodium 
bicarbonate solution, fine honeycomb opac- 
ities developed on the surface of the cornea, 
with extensive loss of epithelial cells, and 
edema of the conjunctiva. The burns were 
associated with corneal anesthesia and _fol- 
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lowed by iritis. Parmeggiani and Sassi 
(1954) examined workers who had been 
exposed to relatively high concentrations of 
acetic acid in air, and found that these 
suffered frequently from hyperkeratoses, 
painful fissures of the skin, hyperemia of 
the conjunctiva, and congestion of the 
pharynx, with edema and increased serous 
secretion. Many of these workers showed 
signs of increased gastric acidity. 
Pathological Changes.—Those observed in 
acetic acid poisoning vary with the amount 
ingested, the concentration of the acid, and 
the time interval between poisoning and 
death. The upper digestive tract, tongue, 
soft palate, pharynx, and esophagus, and 
the upper respiratory tract, epiglottis, and 
larynx, are edematous and covered with 
gray-brown membranes, or show more or 
less extensive corrosion. Tracheitis, bron- 
chitis, or pneumonia may be present. The 
stomach may be hyperemic with ecchymoses, 
or may show corrosions which may extend 
to the deeper layers of its walls. Similar 
but less severe changes may be found in the 
small intenstine, especially in the duodenum, 
The liver may be hyperemic and hemor- 
rhagic, and may show infarcts. The kidneys 
frequently offer the picture of hemorrhagic 
nephritis, with necroses of the glomerular 
epithelium and blood casts in the tubules. 


Prophylaxis.—It is essential that recep- 
tacles containing strong acid are properly 
labeled and carry adequate warning legends. 
In operations where acetic acid is handled 
workers should be cautioned against pro- 
longed contact with the skin, and the con- 
centration of acetic acid vapors in the air 
should be kept below 10 p.p.m. (American 
Conference of Governmental Industrial Hy- 
gienists, 1956). 

Treatment.—This careful 
gastric lavage with lime water and tepid 
water, followed by the administration of 
demulcents such as milk and gruel, if the 
patient can hold it. The patient should be 
kept in bed and on a liquid diet. Otherwise 


consists in 


the treatment has to be symptomatic and 
supportive. In case of corrosion of the 
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esophagus early treatment with bougies is 
advisable in order to prevent strictures. 
Splashes of acetic acid in the eye should be 
treated by lavage with normal saline, and 
later with a 5% solution of sodium bi- 
carbonate and the instillation of atropine 
sulfate, in order to prevent adhesions in 
case an iritis should develop. 


Esters of Monovalent Alcohols: 
Methyl! Acetate 


Chemistry —Methyl acetate, CHsCOOCHs, is a 
colorless liquid of pleasant odor which has the 
molecular weight 74.08 and the specific gravity 
0.933 at 24/4 C, melts at —98 C and boils at 
57.3 C. Its vapor pressure is high, being 170 mm. 
Hg at 20 C. Thirty-three parts of methyl acetate 
are soluble in 100 parts of water of 22 C, and 
it is miscible with alcohol, ether, castor oil, linseed 
oil, and hydrocarbons (Durrans, 1944). It is easily 
hydrolyzed. Its flash point is 15 F (—9.44 C) 
(closed cup) and 20 F (—6.11 C) (open cup). 


The lower explosive limit is 4.1% and the upper 
13.9%, and the autoignition temperature is 935 F 
(501.66 C). 
Uses.—According to 
acetate is a 


Durrans (1944) methyl 
good solvent for cellulose nitrate, 
cellulose acetate, ester gums, colophony, cauri, 
manila, sandarac, plextol, benzyl abietate, and 
glyceryl phthalate resins. It does not, however, 
dissolve copal ether gum, shellac, damar, elemi, 
and coumarone. Its use as solvent is limited be- 
cause it readily turns rancid when in contact with 
water. 

Irritant Action —As shown by Flury and 
Neumann (1927), concentrations of 32 mg. 
per liter (10,560 p.p.m.) cause in mice and 
cats irritation of the eyes and salivation, 
and similar results were published by Reus 
(1933) (see Table 1). Application of 2 
drops to the human skin causes cooling 
and desquamation but no irritation (Reus, 
1933), and 2 cc. applied to the shaved 
rabbit’s skin causes only erythema (Flury 


TaBLe 1.—Toxicity 


of Methyl Acetate Vapors for Mice and Cats * 


Concentration 
Minutes of 
Exposure 


Symptoms 
Me/L. Ppm 
A. Experiments with mice (static exposure) 

7,900 459 & 480 One animal showed no effect; others became narcotized after 459 min., showed irritation & dys- 
pnea, but recovered after 6 hours. 

Irritation of eyes, fatigue, dyspnea, animals narcotized after 216 & 312 min., both died 10 hours 
after exposure— Pneumonia. 

Irritation of eyes, dyspnea, narcosis after 60 & 86 min.; both animals recovered. 

Irritation of eyes, dyspnea, narcosis after 52 & 61 min.; 1 animal died immediately after exposure, 
one 3 hrs. later. 

Mod. irritation of eyes, dyspnea, narcosis after 31 & 42 min.; 1 animal recovered, 1 died 3 hrs. 
after exposure. 

Irritation of eyes, dyspnea, narcosis after 31 & 46 min.; 1 animal died immediately, 1 after 1 ' hrs. 

Irritation, dyspnea, convulsions, narcosis after 23 & 35 min.; 1 animal died immediately, 1 after 
3 min. 

Irritation, paralyses, convulsions, dyspnea, very slow respiratory, narcosis in 25 & 27 min.; both 
animals recovered. 

Immediate irritation, dyspnea, narcosis in 10 & 20 min.; both animals died immediately, both 
showed pulmon. emphysema. 


11,220 216 & 312 


60 & 
& 


13,860 
20,790 
26,400 31 & 


31 & 
23 & 3 


34,650 
41,580 


48,510 25 & 


55,440 


B. Experiments with cats (flowing mixture) 


590 Irritation of eyes, dyspnea, salivation, somnolence, no narcosis, both recovered. 

238 & 295 Irritation of eyes, dyspnea, salivation, 1 cat vomited & had convulsions, became narcotized after 
238 & 295 min., both recovered poorly. 

Irriation of eyes, dyspnea, salivation, convulsions, narcosis after 56 & 185 min., 1 cat died imme- 
diately, 1 after 1 min. 

Irritation, salivation, frightened, narcosis after 29 & 41 min., 1 cat developed convulsions & 
died after 50 min., other after 41 min.; both showed marginal edema of the lungs. 

Irritation, salivation, dyspnea, 1 cat had convulsions, narcosis in 29 & 30 min., death after 
2 & 5 min.; 1 cat showed lateral emphysema, other moderate edema. 

Irritation, salivation, dyspnea, convulsions, narcosis after 14 & 19 min., 1 cat died in 5 min., 
other recovered slowly. 

Irritation, salivation, dyspnea, 1 cat had convulsions, narcosis in 14 & 28 min., cats died 1 & 9 min, 
later, both showed diffuse pulmonary edema. 


56 & 185 


29 & 41 


29 & 30 


19 & 20 


14 & 28 


* Reus, 1933, 
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67 22,110 
95 31,350 
106 34,980 
134 44,220 
163 53,790 


and Neumann, 1927). According to Flury 
and Wirth (1933), instillation of one drop 
of methyl acetate into the eyes of rabbits 
causes a similar degree of irritation as that 
produced by 2% acetic acid, characterized 
by hyperemia and edema of the conjunctiva, 
and lacrimation without leaving any residual 
effects. As shown by Reus (1933) one drop 
of methyl acetate placed on the human 
tongue causes immediately a burning sensa- 
tion, and subsequently, reddening and 
swelling. According to a report by Ikebe 
(1934) a 20% solution of methyl acetate 
causes local anesthesia of the outer ear of 
guinea pigs within an average of 11 minutes, 
being in this respect considerably inferior 
to ethyl acetate. 

Absorption, Fate and Excretion —Methy| 
acetate is absorbed through the lungs and 
from the gastrointestinal tract, but it is not 
known whether and to what extent it is 
absorbed through the intact skin. Its fate 
in the organism has evidently not been 
studied, but since it is readily hydrolyzed, it 
is presumably broken down to methanol and 
acetic acid; which in part would also ac- 
count for its toxicological picture. 

Effect of Methyl Acetate on Animals.— 
As shown by Weber (1902) methyl acetate 
has narcotic properties, but the narcotic 
action is of short duration. As illustated 
in Table 1, the narcotic concentration for 
mice starts with 34 mg. per liter (11,220 
p-p-m.) and for cats at 56 mg. per liter 
(18,480 p.p.m.), but as illustrated by this 
table and as pointed out by Flury and Wirth 
(1933), the narcosis is not smooth inasmuch 
as in the early stages respiratory disturb- 
ances, vomiting and convulsions may occur, 
and deep narcosis is very poorly tolerated. 
It appears further that, within limits, short 
exposure to high concentrations is some- 
what better tolerated than long exposure to 
low concentrations, and that, although re- 
covery from narcosis is rather prompt, it 
may take several days until the animals have 
completely overcome the sequelae. Accord- 
ing to Overton (quoted from Fihner, 1921) 
the narcotic concentration for tadpoles is 
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0.07 to 0.09 mol per liter (5.18 to 6.66 gm. 
per liter), and the fatal concentration for 
goldfish is 0.02% (0.2 gm. per liter) as 
found by Aiazzi-Mancini, Noferi, Schilling 
and Cambi (1943). As shown by Fihner 
(1921) methyl acetate depresses the action 
of the isolated frog heart, the minimal ef- 
fective concentration causing cardiac arrest 
being 0.1902 gm. (0.00257 mol) per liter. 
As pointed out by Aiazzi-Mancini and co- 
workers (1943) methyl acetate exerts in 
low concentrations a negative inotropic ac- 
tion on the isolated mammalian and frog 
heart, and in high concentrations it causes 
cardiac arrest in diastole. According to the 
same investigators its intravenous injection 
into rabbits causes a fall of the blood pres- 
sure. As shown by Fuhner and Neubauer 
(1907) concentrations of 8.5 gm, (0.115 
mol) per liter cause in vitro hemolysis of 
bovine blood cells. As illustrated in Table 1 
the lethal dose for mice with exposure for 
31 to 46 minutes is around 80 to 105 mg. 
per liter (26,400 to 34,650 p.p.m.), but ex- 
posure to lower concentrations such as 34 
mg. per liter (11,220 p.p.m.) for 216 to 312 
minutes may be followed by delayed death. 
On the other hand, it appears that higher 
concentrations such as 147 mg. per liter 
(48,510 p.p.m.) with exposure for only 25 
to 27 minutes may prove nonfatal. The 
minimal lethal concentration for cats with 
56 and 185 minutes of exposure appears 
to be 67 mg. per liter (22,110 p.p.m.), 
which is of a similar order as that given by 
Flury and Neumann (1927), who stated 
that 65 mg. per liter (20,450 p.p.m.) are 
fatal with exposures for 2 to 3 hours. As 
shown by Duquenois and Revel (1935) 
frogs die within 5 minutes, when exposed 
to air saturated with the vapors of methyl 
acetate, showing nystagmus, miosis, excite- 
ment, rapid respiration, deep narcosis, and 
coma before death. According to Flury and 
Wirth (1933) the minimal fatal dose with 
subcutaneous injection is 3.0 gm. per kg. 
for cats and 3-5 gm. per kg. for guinea 
pigs, whereas Aiazzi-Mancini and cowork- 
ers (1943) gave the lethal dose for rats 
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with subcutaneous injection as 8 gm. per kg. 
As shown by Reus (1933) cats react to the 
rectal administration of 2.5 to 5 gm. per 


kg. of methyl acetate with temporary ex- 


citement, salivation, and increased respira- 
tion. 

Chronic Toxicity.—Reus (1933) showed 
that daily exposures for six hours to con- 
centrations of 19 to 21 mg. per liter (6,270- 
6,930 p.p.m.) were tolerated by four out 
of five cats for seven days, the animals 
showing irritation of the eyes, salivation, 
and progressive moderate depression of the 
central nervous system, One animal died 
at the end of the fifth experimental day, 
and, upon autopsy, showed infiltration of 
the left, lower pulmonary lobe, and hyper- 
emia of the pial vessels. Three animals in 
which the blood picture was studied showed 
an increase of the hemoglobin and erythro- 
cyte values, and two out of three showed an 
increase of leukocytes of temporary nature. 
At the end of the experiment the animal 
appeared fatigued and recovered slowly. 
Aiazzi-Mancini and coworkers (1943) saw 
in chronically poisoned rats pulmonary 
edema, and cloudy swelling of liver, kidney, 
and myocardium. 


Toxicity of Methyl Acetate for Man.— 
Reus (1933) stated that accidental inhala- 
tion of vapors of methyl acetate caused in 
himself, after for 45 minutes, 
severe headache and considerable somnolence 
which lasted about 6 hours. Lund (1944) 
reported a case of toxic amblyopia in a 
69-year-old worker with occupational ex- 
posure to methyl acetate vapors, This man 


exposure 


had suffered occasionally from giddiness, 
headache, lassitude, vertigo, and unsteady 
gait, and during some of these attacks he 
had repeatedly suddenly become blind in 
both eyes, and developed bilateral atrophy 
of the optic nerve, a large central scotoma 
in the left eye, and a concentric narrowing 
of the visual field of the right eye. 
Prophylactic Measures.—It is therefore 
apparent, both from experimental studies 
and from observations in man, that methyl 
acetate is a toxic material which should be 
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handled with adequate precaution. The 
American Conference of Governmental In- 
dustrial Hygienists (1956) has accepted a 
concentration of 200 p.p.m. as maximum 
acceptable concentration for eight hours’ ex- 
posure daily, and the concentration of 
methyl acetate in air should be kept below 
this limit. Contamination of the skin should 
be avoided, and it should be remembered 
that the handling of methyl acetate is con- 
nected with a considerable fire and explosion 
hazard. 

Treatment of Methyl Acetate Poisoning. 

Whereas mild cases of methyl acetate 
poisoning will recover upon discontinuing 
the exposure without therapeutic measures, 
severe cases should be treated in the same 
way as methanol poisoning. In case of oral 
poisoning, further absorption should be pre- 
vented by gastric lavage and the administra- 
tion of cathartics, which mav be preceded 
by that of charcoal and followed by ample 
amounts of fluid, in order to promote the 
renal excretion. This may be supported by 
hot baths and diaphoretics. In case the pa- 
tient suffers from hypoxemia because of 
pulmonary involvement, oxygen should be 
administered periodically, and if pulmonary 
edema develops, this should be administered 
against a pressure of 3 to 4 cm. of water. 
In case of acidosis, the intravenous admin- 
istration of 5% sodium bicarbonate solution 
is indicated, Visual disturbances may im- 
prove upon the administration of thiamine 
hydrochloride or vitamin Bo. 


Ethyl Acetate 

Chemistry —Ethyl acetate, CHsCOOC2Hs, acetic 
ether, vinegar naphtha, is a clear, colorless, and 
volatile liquid of characteristic fruity odor, and 
pleasant taste when diluted. Its molecular weight 
is 88.10, its specific gravity 0.901 at 20/4 C and 
that of its vapors with reference to air (=—1) 
3.04. It solidifies below —83.6 C and boils at 77.2 
C. Its vapor pressure at 25 C is 72.8 mm. Hg. It 
is soluble in water to the extent of 8.5 cc. per 100 
ce. at 15 C and miscible with acetone, alcohol, 
chloroform, and ether. It is not as readily hy- 
drolyzed as methyl acetate, its rate of acid hydroly- 
sis (KS) being 0.00658 as compared with 0.00680 
of the latter (Internat. Crit. Tables, 7, 133, 1930). 
The flash point of ethyl acetate is 24 F (—4.44 
C) (closed cup) and 30 F (—1.11 C) (open cup), 


Vol. 21, Jan., 1960 


— + 
— 

= ‘ 

af 


TOXICITY OF ACETIC ACID AND ESTERS 


its lower limit of explosibility is 2.18% and the 
upper 11.5%, and the autoignition point is 907 F 
(486.11 C). 

Uses—According to Gnamm (1943), ethyl ace- 
tate is one of the best low-boiling solvents for 
nitrocellulose, celluloid, chlor-caoutchouc, coloph- 
ony, resin-esters, benzoe, soft Manila-copal, gut- 
tapercha resin, coumarone-resin, other plastics such 
as vinyl resins, oils, and fats. It is used in the 
manufacture of fruit essences and perfumes, of 
lacquers, smokeless powder, artificial leather, pho- 
tographic films and plates, and of certain brands 
of artificial silk. 

Determination in Air and Biological Materials. 

This may be performed according to the same 
principle as outlined under methyl acetate. Keenan 
(1945) suggested a colorimetric 
is based on 


method, which 
the the 
potassium salt of the corresponding hydroxamic 
acid by means of 


the conversion of ester to 


hydroxylamine hydrochloride 
and alkali, which, followed by acidification and 
addition of ferric chloride, results in the forma- 
tion of a violet-colored complex. The intensity of 
this color should be read promptly, and the value 
for ethyl acetate may be read from a_ standard 
curve prepared in the same way from solutions of 
ethyl acetate of known strength. 

Irritant Action—This is of the same or- 
der as that of methyl acetate (Flury and 
Wirth, 1933), and according to Nelson and 
(1943) concentrations of 400 
p-p.m, cause irritation of eyes, nose, and 
throat. Instillation of one drop of ethyl 
acetate into the eyes of rabbits causes red- 
dening and moderate swelling of the con- 
junctiva lasting one to two days, the irritation 
being of similar intensity as produced by 
2 acetic acid. On the other hand, Ikebe 
(1934) found that a 10% solution of ethyl 
acetate causes local anesthesia of the outer 


associates 


ear of guinea pigs within an average of 
two minutes, 5% solutions being ineffective. 

Absorption, Fate and Excretion.—It can 
only be stated that it is absorbed through the 
lungs and from the gastrointestinal tract. It 
is not known whether and to what extent it 
is absorbed through the intact skin, nor 
how it is metabolized, or by which routes 
and in which forms it is excreted. 

Effects on the Animal Organism.— Ethyl 
acetate causes depression of the central 
nervous system. As shown by Vogel (1897) 
the intravenous injection of 0.117 gm. per 
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causes in rabbits narcosis. The inha- 
lation of air saturated with ethyl acetate 
vapors causes in five minutes deep narcosis 
of guinea pigs (Althoff, 1931) and accord- 
ing to Flury and Wirth (1933) the minimal 
narcotic concentration for cats is 43 mg. 
per liter, or 12,000 p.p.m., with five hours’ 
exposure. lor white mice the corresponding 
concentration is 18 mg. per liter, or 5,000 
p-p.m., the animals recovering within one 


kg. 


hour after discontinuance of the exposure. 
They pointed out that deeply narcotized cats 
recover only temporarily, but frequently die 
subsequently from pulmonary edema, with 
hemorrhagic areas in the lungs. Mice devel- 
oped a turbidity of the cornea, after such 
exposure, which lasted several days. Over- 
ton (quoted from Fihner, 1921) deter- 
mined the minimal narcotic concentration 
for tadpoles as 0.03 mol per liter. 

With regard to the effect of ethyl acetate 
on the circulation, Krautwig (1893), and 
Aiazzi- Mancini (1943), 
showed that large doses cause a fall of the 
blood pressure in rabbits, whereas accord- 
ing to Wachtel (1920) the intravenous in- 
jection of small doses (4.5 cc. of a 5% 


and associates 


solution) has no effect. In the experience 
of Aiazzi-Mancini and associates, low con- 
centrations of ethyl acetate cause a negative 
inotropic pressure of the isolated mammalian 
and frog heart, and higher ones cause 
cardiac arrest Fuhner (1921) 
determined the minimal concentration caus- 
ing arrest of the isolated frog heart as 1.150 
gm. % or 0.130 mol per liter. According 
to Fuhner and Neubauer (1907) the min- 
imal hemolytic concentration of ethyl acetate 
for bovine erythrocytes is 0.47 mol per liter, 
but Krautwig (1893) saw no evidence that 


in diastole. 


in rabbits the intravenous injection of about 
50 mg. per kg. affects red blood cells, or 
thrombus formation. Flury and 
Wirth (1933) reported that, in cats, con- 
tinued exposure to the vapors of ethyl 


favors 


acetate for 6-8 hours daily for one week 
caused an increase of the red blood cells 
but not of the hemoglobin, no leukocytosis, 
but a shift to the left, and a relative in- 
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TABLE 2.—Toxicity of Ethyl Acetate Vapors for Mice and Cats * 


Concentration 


Me/L. 
Appr. 


Minutes of 


Ppm Exposure 


Symptoms 


A. Experiments with mice (static mixture) 


Irritation of eyes and nose, dyspnea. 

Toleration of side position, turbidity of cornea, recovery. 

Toleration of side position, 1 of 4 mice died at the end of the exposure, 1 the 
following day; turbidity of cornea. 

Toleration of side position, 1 mouse died; turbidity of cornea. 


B. Experiments with cats (flowing mixture) 


29 8,000 
9,000 

72 20,000 
155 43,000 


Irritation only. 


Deep narcosis, death. 


* Boeltzig, 1931, quoted from Flury and Zernik, 1931. 


crease of the segmented neutrophils at the 
cost of the lymphocytes. 


The effect of ethyl acetate on the respira- 
tion has aroused some interest at times. 
Krautwig (1893) reported that in rabbits 
the injection of small doses (about 0.05 
gm, per kg.) caused a marked stimulation 
of the respiration lasting about 15 to 30 
minutes, and that this effect could also be 
seen in morphinized rabbits. This was con- 
firmed by Vogel (1897), but he showed 
that with twice this dose the stimulation was 
followed by a depression and a decrease of 
the respiratory volume. 

Toxicity of Ethyl Acetate for Laboratory 
Animals.—This is of a lower order. Smyth 
(1955) gave the oral LDs5o for rats as 5,620 
mg. per kg., and Flury and Wirth, (1933) 
found that with subcutaneous injection the 
lethal dose for guinea pigs was 3,000— 
5,000 mg. per kg., and that for cats about 
3,000, Aiazzi-Mancini and associates (1943) 
gave the lethal dose for rats with subcutane- 
ous injection as 5,000 mg. per kg. Weber 
(1902) inhalation of the 
vapors of ethyl acetate causes in rabbits 
after nine minutes deep narcosis, from 
which the animals recovered temporarily, 
but they subsequently died in coma with 


reported that 


convulsions. Similar results were reported 
by Althoff (1931), and according to Blina 
(1933 A & B) inhalation of concentrations 
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Irritation, moderate dyspnea. 
Deep narcosis, no death. 


of 77 mg. per liter (21,516 p.p.m.) for 60 
to 65 minutes is fatal to guinea pigs, death 
being due to depression of the central 
nervous system. As stated by Flury and 
Wirth (1933), concentrations of 31 mg. 
per liter (8,618 p.p.m.) are mostly fatal to 
mice, whereas, according to Aiazzi-Mancini 
and associates (1943), much higher concen- 
trations than 46 mg. per liter are required 
to kill rats. As illustrated in Table 2, the 
toxic effects of ethyl acetate are mainly 
characterized by a more or less severe de- 
pression of the central nervous system, 
moderate dyspnea, and primary irritation. 

The most characteristic pathological find- 
ings in animals dying from exposure to 
ethyl acetate are pulmonary edema and 
hemorrhages, and hyperemia of the respira- 
tory tract (Flury and Wirth, 1933). Ac- 
cording to Blina (1933A) guinea pigs 
exposed for 10 hours to concentrations of 
77 mg. per liter (21,516 p.p.m.) show in 
addition congestion of liver and_ kidneys. 
Repeated exposure of rabbits to 16 mg. per 
liter for 60 minutes daily on 40 days re- 
sulted in secondary anemia with leuko- 
cytosis, hyperemia, cloudy swelling, and 
fatty degeneration of various organs of 
variable intensity. Such animals showed a 
marked reduction of the hemoglobin, a 
moderate decrease of the number of red 
blood cells, no changes of the white cell 
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count, hypopotassemia and hypermagnesium- 
emia in the presence of normal calcium 
values, a reduction of the blood chloride, 
but no changes in the phosphorus level of 
the blood. There was a marked hyperplasia 
of the reticuloendothelial system, fatty de- 
generation, and a tendency toward hyper- 
trophy of splenic follicles as sequelae of 
increased blood destruction. 

Toxicity of Ethyl Acetate for Man.— 
This is mainly characterized by its irritant 
action on eyes, nose, and throat, which, ac- 
cording to Nelson and associates (1943), 
becomes apparent with concentrations of 
400 p.p.m. From the reports of Beintker 
(1928) and Engelhardt (1933) it appears 
that in rare instances exposure to ethyl 
acetate may result in sensitization, resulting 
in inflammation of the mucous membranes 
and in eczematous eruptions. There are no 
reports on industrial poisoning from ethyl 
acetate, except one fatality reported by 
Althoff (1931) which occurred in a tank 
filled with ethyl acetate vapors, and resulted 
from narcosis or anoxia. 

Pathological Findings.—As_ reported by 
Althoff (1931), these consisted in marked 
hyperemia of the upper respiratory tract, 
petechial hemorrhages in the epicardium and 
pleura, hyperemia of spleen and kidney, and 
hemorrhagic gastritis. All organs showed a 
marked odor of ethyl acetate. 

Treatment.—This consists in prompt dis- 
continuance of the exposure and such 
symptomatic and supportive measures as 
may be indicated. In case the respiration is 
markedly depressed, periodic administration 
of oxygen, if necessary with artificial 
respiration, may prove lifesaving. 

Prophylactic Measures—These consist 
essentially in proper ventilation of the 
premises where ethyl acetate is handled. 
According to the American Conference of 
Governmental Industrial Hygienists (1956) 
the maximum acceptable concentration for 
eight hours’ exposure is 400 p.p.m. Con- 
tamination of the skin should be avoided, 
and rooms and other enclosures heavily 
contaminated with vapors should only be 
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entered with proper gas masks and safety 
line. 


Vinyl Acetate 


Vinyl acetate, CHsCOOCH=CHg, has the mo- 
lecular weight 86.09 and the specific gravity 0.932 
at 20/4 C. It is a colorless liquid which poly- 
merizes when exposed to light, solidifies below less 
than —60 C, boils at 72-73 C, and is soluble in 
water to the extent of 2 parts per 100 at 20 C, 
and miscible with alcohol and ether. Its flash point 
is 18 F (—7.78 C) (closed cup) and 30 F (—1.11 
C) (open cup), and the autoignition point is 
800 F (426.67 C). 

According to Smyth and associates (1948) 
the oral LDs5o for rats is 2,920 mg. per kg., 
and the LD59 with percutaneous application 
to rabbits 2.5 cc. (2,320 mg.) per kg. Ex- 
posure of rats to concentrations of 4,000 
p.p.m. for four hours was fatal to 50% 
of the animals. The irritant action on the 
skin is said to be of a similar order as that 
of acetone, 


There are no reports on the toxic effects 
of vinyl acetate on man. 


Propyl Acetate 


Chemistry.—Propyl acetate, 
is a colorless liquid of pear-like odor of the 
molecular weight 102.13 and the specific gravity 
0.886 at 20/4 C. It is solid below 95 C and 
boils at 101.6 C; its flash point is 58 F (14.44 C) 
(closed cup) and its lower explosive limit is 2%. 
At 16 C 1.6 parts are soluble in 100 parts of 
water, and it is miscible with alcohol, ether, hy- 
drocarbons, castor oil, and linseed oil. Its rate of 
acid hydrolysis (KS) is 0.00680 as compared with 
0.00658 for ethyl acetate. 

Uses.—As stated by Gnamm (1943) it is a good 
solvent for nitrocellulose, celluloid, colophony, and 
many resins, and according to Durrans (1944) also 
for ester gums, sandarac, manila, coumarone, 
mastic, and benzyl abietate, but not for cellulose 
acetate or hard copals. It is used in the manu- 
facture of flavoring agents and perfumes. 

Absorption, Fate and Excretion —About this, 
little is known. It is absorbed through the lungs 
and from the gastrointestinal tract, but it is un- 
known whether and to what extent it is absorbed 
through the intact skin. Its metabolic fate and 
its excretion have evidently not been studied. 


According to Flury and Wirth (1933) 
its irritant action is somewhat less marked 
than that of ethyl acetate, being of a similar 
order as that of a 1% solution of acetic 
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TABLE 3.—To-xicity of n-Propyl Acetate for Cats * 


Concentration 
Duration of 
Me/L. Ppm Exposure 
22 5,300 ~=6 hrs. daily 
5 days 
5% hrs. 
1 9 hr. 


38 7,400 
102 24,000 


Symptoms 


Moderate irritation of eyes, salivation. 


After 30-45 min. staggering, after 4 44-5 14 hrs. deep narcosis, 1 cat died after 5 '4 hrs. 
After 5-16 min. side position, after 13-18 min. deep narcosis, 1 cat died after 4 days. 


* Hepp, 1931, quoted from Flury and Zernik, 1931. 


acid, the instillation of one drop into the 
conjunctival sac of a rabbit’s eye causing 
lacrimation. 

Propyl acetate has narcotic properties. As 
shown by Flury and Wirth (1933) the 
minimal narcotic concentration for cats with 
five hours’ exposure is 38 mg. per liter (9,100 
p-p.m.) and that for mice 25 mg. per liter 
(5,990 p.p.m.). Rabbits are said to be less 
sensitive than cats. Recovery from deep 
narcosis is more rapid than with methyl or 
ethyl acetate, and it is also better tolerated 
than the lower homologues. According to 
Wachtel (1920) the intravenous injection 
of 5.0 and 4.5 ce. of a 5% aqueous solution 
given in intervals of nine minutes causes 
deep narcosis with attenuated reflexes. The 
repeated exposure for six hours daily on 
five consecutive days to a concentration of 
22 mg. per liter (5,300 p.p.m.) is also better 
tolerated by cats than the lower homologues. 
It appears that with repeated administration 
the animals become hardened to the irritant 
action of the ester. According to Fiuhner 
(1921), Overton determined the minimum 
narcotic concentration for tadpoles as 
0).0098-0.012 mol per liter. 

Little is known regarding the effect of 
propyl acetate on the circulation, According 
to Wachtel (1920) the intravenous injection 
of 5.0 and 4.5 cc. of a 5% aqueous solution 
nine minutes apart causes a very short fall 
of the blood pressure and slowing of the 
respiration, Ftthner (1921) determined the 
minimum effective concentration causing 
arrest of the isolated frog heart as 0.360 
gm. % or 0.035 mol per liter, Fuhner and 
Neubauer (1907) determined the minimal 
hemolytic concentration as 1.63 gm. % or 
0.16 mol per liter. 


50/38 


As to the toxicity of propyl acetate for 
laboratory animals, Flury and Wirth (1933) 
stated that the subcutaneous injection of 
3 gm. per kg. is fatal for cats and guinea 
pigs after several days. The effect of inhala- 
tion of vapors of propyl acetate is illustrated 
in Table 3, which is based on the studies of 
Hepp (1931). 

Very little is known regarding patholog- 
ical changes observed in experimental ani- 
mals after exposure to propyl acetate, 
except that, according to Flury and Wirth 
(1933), exposure of cats to fatal concen- 
trations causes tracheitis, bronchitis, and 
fatty changes in the liver. 

Toxicity for Man.—As to the toxicity of 
propyl acetate for man, no cases of systemic 
poisoning have been reported, but accord- 
ing to Lehmann and Flury (1938), the 
vapors may cause nausea, burning of the 
eyes, and oppression in the chest. It is, 
however, to be expected that exposure to 
high concentrations will cause narcotic ef- 
fects characterized by fatigue, lassitude, and, 
with higher concentrations, narcosis. 

Prophylactic Measures.—Such toxic ef- 
fects can be prevented by proper ventilation. 
According to the American Conferences of 
Governmental Industrial Hygienists (1956) 
the threshold limit value of propyl acetate 
in-air is a maximum average of 200 p.p.m. 
with eight hours’ exposure. As with other 
narcotic agents, areas contaminated with 
propyl acetate should never be entered with- 
out a protective mask and other safety 
equipment. 


Isopropyl Acetate 


Chemistry. Isopropyl acetate, CHsCOOCH- 
(CHs)2, has the molecular weight 102.13 and a 
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specific gravity of 0.874 at 20/20 C. It is a solid 
below —73.4 C and boils at 88.4 C. Its flash point 
is 43 F (6.11 C) (closed cup) and 45 C (7.22 C) 
(open cup); its lower explosive limit is 2%, and 
its autoignition temperature is 860 F (460 C). At 
20 C, three parts of isopropyl acetate are soluble 
in 100 parts of water, and it is miscible with alco- 
hol, ether, hydrocarbons, castor oil, and linseed oil. 

Uses.—According to Durrans (1944) it is a good 
solvent for cellulose nitrate, ester gum, coumarine, 
elemi, sandarac, mastix, and kauri. It does not 
dissolve cellulose acetate and hard copals, and only 
partly dissolves shellac. 

Little is known about the absorption, fate and 
excretion of isopropyl acetate, except that it is 
absorbed through the lungs and from the gastro- 
intestinal tract. It is absorbed through the intact 
skin of rabbits. Neither its fate in the organism 
nor its excretion have been studied. 


Toxicity of Isopropyl Acetate for Labora- 
tory Animals.—Smyth and coworkers (1954) 
determined the oral LDso for rats as 6,750 
mg. per kg., and they found that with 
percutaneous administration to rabbits the 
LDso is greater than 20,000 cu. mm. per kg. 
Rats tolerate exposure to air saturated with 
vapors of isopropyl acetate for 30 minutes 
without death, but inhalation of concentra- 
tions of 32,000 p.p.m. for four hours was 
fatal to five out of six animals. The ester 
is said to produce no irritation of the skin, 
and only moderate irritation of the eyes. 
Fuhner (1921) determined the minimal con- 
centration causing arrest of the isolated frog 
heart as 0.637 gm. %, or 0.062 mol per 
liter. 

No information is available regarding 
toxic effects of isopropyl acetate in man. 
Silverman and associates (1946) stated that 
200 p.p.m. cause some degree of irritation 
in certain individuals, and little objection to 
its odor. They considered 100 p.p.m. as 
maximum acceptable concentration for eight 
hours’ exposure. 


Allyl Acetate 
The unsaturated propyl acetate, allyl acetate, 
CHsCOOCH:CH=CHzg, is a colorless liquid of 
the molecular weight 100.11 and the specific gravity 
0.928 at 20/4 C. It boils at 104 C at 762 mm. 
Hg, and it is insoluble in water, but miscible with 
alcohol and ether. 


According to Smyth and associates (1949) 
the oral LDso of allyl acetate for rats is 
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130 mg. per kg., and that with percutaneous 
application to rabbits 1,100 mg. per kg. In- 
halation for one hour of concentrations of 
1,000 p.p.m. was fatal to 50% of the ex- 
posed rats. It causes marked irritation of 
the rabbit’s cornea and moderate irritation 
of the rabbit’s skin. 

It is, therefore, apparent that allyl acetate 
is more toxic than either propyl or isopropyl 
acetate. 

The isomer of allyl acetate, isopropenyl 
acetate, CHsCOOC(=CHe) (CHs), is ac- 
cording to the same authors much less toxic, 
the oral LDs9 for rats being 3,000 mg. per 
kg. Rats were found to tolerate the exposure 
to a saturated vapor-air mixture for 30 min- 
utes without death. It is said to cause no 
irritation of the rabbit’s skin, and only mod- 
erate irritation of the rabbit’s eye. 


Butyl Acetate 


Chemistry —Butyl acetate, CHsCOOCH:CH:2- 
CHsCHs, is a colorless liquid of the molecular 
weight 116.16 and the specific gravity 0.882 at 
20 C. It is solid below —73.5 C and boils at 126.1 


and 90 F (32.22 C) (open cup); its lower ex- 
plosive limit is 1.7% and the upper 15%; and 
its autoignition point is 790 F (421.11 C). It is 
soluble in water to the extent of 0.7 parts in 
100 parts, and it is miscible with alcohol, ether, 
hydrocarbons, castor oil, and linseed oil. It is 
more resistant towards hydrolysis than the lower 
homologues, the rate of acid hydrolysis KS being 
0.00669 (Int. Crit. Tables 7, 133, 1930). 
Uses—As stated by Gnamm (1943) n-butyl 
acetate is a good solvent for nitrocellulose, celluloid, 
resins, fats, and oils, and according to Durrans 
(1944) the same holds true for ester gums, benzyl 
abietate, coumarone, colophony, vinyl resins, cyclo- 
hexanone-formaldehyde resins, gum camphor, 
damar, elemi, mastic, kauri, pontianac, sandarac, 
manila, rubber-chloride, guttapercha resin, and 
plextol. It partly dissolves esters, and 
calcium, zinc, and mangnesium resinate, but it does 
not cellulose and hard copal. 
n-Butyl acetate is used in the manufacture of lac- 
quers, artificial leather, photographic 
plates, plastics, and safety glass. 
According to Flury and Wirth (1933) 
the irritant action of n-butyl acetate is more 
marked than that of the lower homologues. 
As shown by McOmie and Anderson (1949) 
prolonged contact (for 10 hours) with the 
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skin of rabbits will produce erythema, and, 
later, fissures with a tendency for bleeding, 
whereas with short contact no marked irrita- 
tion is produced (Smyth and co-workers, 
1954). Its instillation into the conjunctival 
sac of rabbits causes severe irritation, and 
also the vapors are very irritant to the eyes. 
Very little is known about the absorption, 
fate and excretion of n-butyl acetate, ex- 
cept that animal experiments show that it 
is absorbed through the lungs and from 
the gastrointestinal tract, whereas it is ques- 
tionable whether and to what extent it is 
absorbed through the intact skin. 
Experimental Studies in Animals.—As 
by n-butyl 
acetate has narcotic properties, and a cord- 
ing to Flury and Wirth (1933) these are 
more marked than 


shown several investigators, 


with the lower homo- 
logues, the minimum narcotic concentration 
for cats being 33 mg. per liter (7,000 p.p.m.). 
As shown by McOmie and Anderson (1949), 
mice are anesthetized after one hour’s ex- 
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posure to a saturated vapor-air mixture, and 
according to Cavalazzi (1938) guinea pigs 
become somnolent when exposed to an ini- 
tial concentration of 20 mg. per liter (4,200 
p-p.m.). Flury and Neumann (1927) stated 
that dogs and cats become somnolent when 
exposed to initial concentrations of 50 mg. 
per liter (10,530 p.p.m.), later tolerate side 
position, and subsequently — suffer 
cough and retching. 

There are no reports on the effect of 
n-butyl acetate on the circulation. Cavallazi 
(1938) saw no changes in the blood picture 
of guinea pigs after single and 
exposure to concentrations of 20 
liter (4,200 p.p.m.), whereas with repeated 
exposure of cats to 14.5 and 20 mg. per 
liter (3,050 and 4,200 p.p.m.), Flury and 
Wirth (1933) noted an increase of hemo- 
globin, and of the number of red and white 
blood cells, in the absence of pathological 
cell forms. According to Fihner and Neu- 
bauer (1907) the minimum hemolytic con- 
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TasLe 4.—Tovxicity of n-Butyl Acetate Vapors for Mice, Cats, and Guinea Pigs * 


Concentration 
Duration of 
Me/L. Ppm Exposure 


Mice (static mixture) 


No effect. 
No effect. 


6 hrs. 
6 hrs. 
5 hrs. 
16 hr. 
Y hr. 
10 min. 


Cats (flowing mixture) 


No effect. 
No effect. 


1,600 
3,580 
6,100 
6,950 


6 hrs. 
6 hrs. 
6 hrs. 
4-4 hrs. 


Narcosis after 45 min. 
Narcosis after 30 min. 


19,370 


Symptoms 


After 4! to 5 hrs. deep narcosis, recovery after 15 min., no aftereffects. 
After ‘4 hr. deep narcosis, recovery after 20 min., no aftereffects. 

After \4 hr. deep narcosis, recovery after 30 min., no aftereffects. 

After 10 min. deep narcosis, next day drowsy. 


After 92 and 105 min. mod. salivation and lacrimation, no narcosis, both cats recovered after 2 hrs 
After 4-4 4 hrs. narcosis, recovery within 2 hrs. 


|an cats recovered in 2 hrs. No aftereffects. 
Narcosis after 20-25 min. | 

Narcosis after 30 min., next day drowsy. 

Narcosis after 16-19 min., 1 cat died. 

Narcosis in 11 and 18 min., 1 cat died on 4th day. 


Guinea pigs (flowing mixture) 


810 min. 


After 10 min. irritation of eyes, no other effect. 


810 min. Almost immed. irritation of eyes and nose, after 5 min. lacrimation, after 420 min. incoordina- 
tion, after 700 min. narcosis. 
Almost immed. irritation of eyes and nose, after 1 min. lacrimation, after 2-4 min. incoordina- 


tion, after 15-30 min, narcosis, after 190 min. dyspnea & gasping, after 240 min. death. 


240 min. 


* Emrich, 1932, and Seyers and associates, 1936. 
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33 

41 8,640 

50 10,540 

at 55 11,580 

63 13,270 hr. 

83 17,500 

15.6 3,380 

i 66.34 14,000 


centration of n-butyl acetate for bovine 
erythrocytes is 0.55 gm. % (0.048 mol per 
liter). 

The toxicity of n-butyl acetate for labora- 
tory animals is illustrated in Table 4, which 
is based on the findings of Emrich (1932) 
and Sayers and associates (1936), Accord- 
ing to McOmie and Anderson (1949), 
exposure of mice for six and six and one- 
half hours to concentrations of 56 mg. per 
liter (11,800 p.p.m.) resulted in death in 
4 out of 10, and 14 out of 20 animals, re- 
spectively, whereas exposure of the same 
species to a saturated vapor-air mixture 
was fatal in 6 hours. According to Smyth 
and associates (1954) rats appear to be 
more resistant, in that they can tolerate 
such concentrations without death. The 
LDso with oral administration for mice was 
given by McOmie and Anderson (1949) as 
8 cc. (7,056 mg.) per kg., and for rats as 
14,130 mg. per kg. by Smyth and collabora- 
tors (1954). 

Pathological Changes.—Those_ observed 
in experimental animals consist essentially 
in moderate injury of the pulmonary tissue, 
not marked enough to be responsible for 
the death of the animals, as reported by 
Flury and Wirth (1933), and injury of the 
convoluted renal tubules as observed by 
Cavallazi (1938); Sayers and associates 
(1936) noted in animals which died during 
the exposure moderate congestion of brains, 
lungs, livers, and kidneys. 

Toxicity for Man.—The two available re- 
ports refer only to mixtures of solvents 
containing n-butyl acetate in addition to 
large amounts of toluene and xylene, so 
that they cannot be used for the evaluation 
of the toxicity of n-butyl acetate for man. 
According to Sayers and associates (1936), 
exposure to 14,000, 7,000, and 3,300 p.p.m. 
of n-butyl acetate is extremely disagreeable 
for man, even for a short time, because of 
its strong odor, and because of the irritation 
of the eyes and nasal passages. In the 
opinion of Nelson and coworkers (1943) 
even concentrations of 200 p.p.m. cause 
irritation of the throat, and 300 p.p.m. also 
of eyes and nose. 
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Prophylactic Measures.—lor avoidance 
of harmful effects, proper ventilation of 
work rooms is necessary. The American 
Conference of Governmental Industrial Hy- 
gienists (1956) accepted an average atmos- 
pheric concentration of 200 p.p.m. as 
threshold limit. Because of the narcotic ac- 
tion of n-butyl acetate, rooms heavily con- 
taminated with its vapors should only be 
entered with proper masks and other safety 
devices. 


Isobutyl Acetate 


Chemistry. —Isobutyl acetate, CHsCOOCH:2CH 
(CHs)s2, is a colorless liquid of pleasant odor, the 
molecular weight 116.16, and the specific gravity 
0.871 at 20/4 C. It solidifies below —98.9 C and 
boils at 118 C. Its flashpoint is 64 F (17.78 C) 
(open cup). It is soluble in water to the extent 
of 0.6 parts per 100 parts at 25 C, and it is 
miscible with alcohol, ether, hydrocarbons, castor 
oil, and linseed oil. 

Uses.—Isobutyl acetate has similar solvent prop- 
erties as the normal isomer. 
siderable 


It occurs to a con- 
so called “technical 
acetate” along with other homologues. 
Effect on Animals.—This 
has been studied very incompletely. Accord- 
ing to Vogel (1897) the oral administration 
of 1.66 cc. per kg. to rabbits causes progres- 
sive depression of the respiratory volume 
and moderate depression of the central 
nervous system, whereas smaller doses of 
0.75 cc. per kg. cause a moderate and pro- 
gressive increase of the respiratory volume. 
According to Fihner (1921), Overton de- 
termined the narcotic concentration for tad- 
poles as 0.0057 mol 


extent in amyl 


Laboratory 


per liter. Fuhner 
himself determined the minimum effective 
concentration to arrest the isolated frog 
heart as 0.015 mol per liter. 

There are no reports on toxic effects of 
isobutyl acetate on man. 

The sec.-butyl acetate and the tert.-butyl 
acetate have not been studied regarding their 
toxicity and potential dangers, nor are there 
any reports concerning harmful effects on 
human beings. 


Acetate (Isoamyl Acetate) 


Chemistry —Amyl acetate of the trade is in 


reality isoamyl acetate containing variable amounts 
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of aliphatic alcohols and other acetate acid esters, 
and there are various standards for the different 
trade products which are also marketed under the 
names of pear oil, banana oil, and pentacetate, the 
latter being a synthetic product. 

Secondary amyl acetate exists in two configura- 
tions: a-methyl-butyl acetate, CHsCOOCH(CHs) 
CH:sCH:,CHs, has the specific gravity 0.922 at 0 C, 
boils at 133.5 C, is slightly soluble in water, and 
miscible with alcohol and ether. 

Diethylcarbinol acetate, CHsCOOCH(C2Hs)s, 
has the specific gravity 0.871 at 20/4 C, boils at 
133 C, is slightly soluble in water, and miscible 
with alcohol and ether. 

tert-Amyl acetate, CHsCOOC(CHs)2C:Hs, has 
the specific gravity 0.874 at 19 C, boils at 124.5 C 
at 749 mm. Hg, is very slightly soluble in water, 
and miscible with alcohol and ether. 

According to the American Society for Testing 
Materials (A.S.T.M.), amyl acetate from fusel oil 
(D554-39) has a specific gravity 0.860-0.865 at 
20 C, with a boiling range of none below 110 C, 
a maximum of 15% below 120 C, a maximum of 
50% below 130 C, a minimum of 60% below 
140 C, and none above 155 C. The ester content 
should range from 85%-88%, the maximum acidity 
should be 0.03% acid), the maximum 
residue 0.005%, and it should be clearly miscible 
with 19 volumes of gasoline at 20 C (Durrans, 


1944). 


(acetic 


The British standard for amyl acetate (No, 552, 
1934) prescribes a specific gravity of 0.868-0.873 
at 20 C with a boiling range of a minimum of 


95% at 120 C-145 C and a minimum of 33% 
above 135 C, a minimum ester content of 95%, a 
maximum acidity of 0.01%, a maximum residue 
of 0.01%, and it should be clearly miscible with 
10 volumes of carbon disulfide (Durrans, 1944). 

The German specifications for technical grade 
amyl acetate prescribe a specific gravity of 0 870- 
0.873 at 20 C, with a boiling range of 105-148 C, 
an evaporation figure of 25 (acetone=1), and a 
saponification figure of 400-500. For chemically 
pure amyl acetate the specific gravity should be 
0.870 at 20 C, the boiling range 130 C-142 C, the 
saponification figure of 430, the evaporation figure 
of 32, and the refraction exponent of 1.4038 at 20 C 
(Gnamm, 1943). 

For synthetic amyl acetate Durrans (1944) 
quotes the following specifications: The specific 
gravity should range between 0.860 and 0.870 at 
20 C, none should boil below 126 C, a maximum 
of 5% below 130 C, a maximum of 25% below 
135 C, a minimum of 75% below 140 C, and none 
above 155 C. The ester content should be between 
85% and 88%, the maximum acidity should be 
0.03% (acetic acid), the maximum residue 0.005%, 
and it should be clearly miscible in all proportions 
with gasoline at 20 C. 
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Pure amyl acetate exists in six isomeric forms: 
n-amyl acetate, CHsCOOCH2CH2CH2CHs, has the 
molecular weight 130.18 and the specific gravity 
0.879 at 20/20 C. It is a colorless liquid of pear- 
like odor and taste, which solidifies below —70.8 C, 
and boils at 148.7 C at 737 mm. Hg. Its flash 
point is 76 F (244 C) (closed cup) and 80 F 
(26.67 C) (open cup), its lower explosive limit 
is 11%, and the autoignition point is 714 F 
(378.89 C). It is very slightly soluble in water, 
but miscible with alcohol and ether. Jsoamyl acetate, 
commonly called amyl acetate, has the formula 
CHsCOOCH:CH:CH(CHs)s, a specific gravity of 
0.876 at 15/4 C, and it is a colorless liquid which 
boils at 142 C at 757 mm. Hg, is soluble in water 
to the extent of 0.25 parts in 100 parts at 25 C, 
and miscible with alcohol and ether. Its flash 
point is 92 F (33.33 C) (closed cup) and 100 F 
(37.78 C) (open cup), and its autoignition tempera- 
ture is 715 F (379.44 C). 

Another isoamyl acetate has the formula 
CHsCOOCH:2CH(CHs)CH2CHs being a B-methyl- 
butyl acetate. It has the specific gravity 0.880 at 
12.5 C, boils at 141 C-142 C, is very slightly soluble 
in water, and miscible with alcohol and ether. 
Durrans (1944), amyl 
acetate is a good solvent for cellulose nitrate, ethyl 
cellulose, ester gum, colophony, damar, albertols, 


Uses—According to 


benzyl abietate, cyclohexanone-formaldehyde resin, 
vinyl resin, guttapercha resin, plextol, cumarone, 
mastic, copals, kauri, sandarac, zanzibar, and elemi. 
It partly animi, olibanum, 
carnauba wax, copal ester, and linoxyn. It does 
not dissolve cellulose acetate. It is extensively used 


dissolves shellac, 


in the lacquer industry, in the preparation of fruit 
essences and perfumes, in the manufacture of films, 
plastics and artificial leather, in the textile in- 
dustry, in the manufacture of artificial pearls, and 
in other trades. 

Determination of Amyl Acetate in Air.—This 
may be performed by the procedure of Korenman 
(1932) by drawing the dried air sample into an 
evacuated flask of known volume, adding first 20 
ce. of ethanol and 20 cc. of water, and, after 
mixing, the mixture is kept for 2-3 hours, and 
filtered if turbid. One cc. of the clear filtrate is 
mixed with 0.1 cc. of a 1% alcoholic solution of 
furfurol, carefully overlaid with concentrated sul- 
furic acid, and mixed while cooled with cold 
running water. After standard solutions are pre- 
pared in the same way, these and the test sample 
are heated for three minutes in boiling water and, 
after cooling, the red color is matched colori- 
metrically and the value found multiplied by 20, 
giving the amount of amyl alcohol or amyl acetate 
in the volume of air sampled. Custance and Hig- 
gins (1949) passed a measured volume of air 
through a series of two glass bubblers, each con- 
taining 10 cc. of ethanol, at a rate of 0.5 liters per 


Vol. 21, Jan., 1960 


AS 
=| 
| 
| 
| 
1 4 
| 


TOXICITY OF ACETIC ACID AND ESTERS 


minute for 30 minutes. The two solutions are 
collected quantitatively, and separately made up to 
15 cc. and mixed with 2 cc. of a reagent consisting 
of a of 2 gm. of dimethylaminobenz- 
aldehyde in 100 cc. of absolute alcohol and 10 ce. 
of 96% sulfuric acid. The mixture is then kept in 
a water bath at 60 C for 30 minutes, and then 
cooled for 5 minutes. The intensity of the re- 
sulting red color is then determined, and the con- 


solution 


centration read from a standard curve prepared in 
the same way from known concentrations. 

Irritant Actions.—That of amyl acetate 
is, according to Flury and Wirth (1933), 
more marked than that of butyl acetate, its 
vapors causing salivation, lacrimation, and 
irritation of the upper respiratory tract, as 
was also shown by Lehmann (1913). Ac- 
cording to the former, one drop of amyl 
acetate instilled into the conjunctival sac of 
a rabbit's eye causes slight irritation and 
lacrimation. 

As to the absorption, fate, and excretion 
of amyl acetate, very little is known. It is 
absorbed through the lungs and from the 
gastrointestinal tract, but it is not known 
whether and to what extent it is absorbed 
through the intact skin. Its fate in the organ- 


ism and the way of its excretion have evi- 
dently not been studied. 

Narcotic Properties—Amyl| acetate has 
marked narcotic properties, and according 
to Flury and Wirth (1933) the minimal 
narcotic concentration with exposure for 
six hours is for cats 24 mg. per liter (4,500 
p-p.m.), and for mice 20 mg. per liter 
(3,760 p.p.m.). In cats convulsions are said 
to occur more readily than with butyl acetate, 
but, in contrast to the lower homologues, 
narcosis is better tolerated and is followed 
by fairly rapid recovery. According to 
Lehmann (1913) cats tolerated exposure 
for nine hours to 20 mg. per liter (3,760 
p.p.m.) without distinct effect on the central 
nervous system, but 35 mg. per liter (6,580 
p.p-m.) may cause narcosis after one and 
three-fourths hours. 

Regarding the effect of amyl acetate on 
the circulation, Dautrebande and collabora- 
tors (1935) stated that in chloralosed dogs 
low concentrations exert no paralyzant ef- 
fect on the vasomotor system, but rather 
the vasomotor reflexes 


seem to. sensitize 


TABLE 5.—To.xicity of Amyl Acetate Vapors for Mice and Cats * 


Concentration 
-— Minutes of 
Ppm Exposure 


{ Mg/L. 


Mice (static mixture) 


1,880 
3,760 
3,760 
5,640 


Only slightly somnolent. 


covery after about 45 min. 
5,640 
after about 30 min. 
6,960 


Symptoms 


Staggering after 190 min. after 220 toleration of side position, loss of reflexes after 260 min. 
Staggering after 280 min., after 318 toleration of side position, loss of reflexes after 375 min. 
Staggering after 18 min., after 40 min. toleration of side position, loss of refiexes after 67 min., re- 


Staggering after 30 min., toleration of side position after 90 min., loss of reflexes after 150, recovery 


Staggering after 4 & 20 min., toleration of side position after 16 & 40 min., loss of reflexes after 71 & 


90 min., recovery after 50 & 90 ming 


Cats (flowing mixture) 


Salivation, no other effects. 


Marked salivation and lacrimation. 

Immed. marked salivation, after 335 min. staggering, prompt recovery. 

Marked salivation & staggering after 105 min., toleration of side position after 225 min., loss of 
reflexes after 305 min. convulsions at onset of narcosis, slow recovery. 

Marked salivation, irreg. respiration during narcosis, convulsions, staggering after 68 min., tol- 
eration of side position after 150 min., loss of reflexes after 200 min., slow recovery, albuminuria, 

Marked salivation, lacrimation, irreg. respiration during narcosis, staggering after 35 min., tol- 
eration of side position after 122 min., loss of reflexes after 170 min., slow recovery, rales, cor- 


rosion of cornea. 


Marked salivation, lacrimation, irreg. respiration, staggering after 30 min., toleration of side po- 
sition after 60 min., loss of reflexes after 85 min., diarrhea, slow recovery. 


+ * Haggenmiller, 1932. 
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arising from the carotid bifurcation. How- 
ever, higher concentrations promptly cause 
vasomotor paralysis, and thus cause a fall 
of the blood pressure, as observed with 
benzene and petroleum ether. 


As to the effect of amyl acetate on the 
respiration, Vogel (1897) stated that, in 
contrast to ethyl acetate, amyl acetate does 
not stimulate the respiration of rabbits, but 
causes only a reduction of the respiratory 
volume. Haggenmiller (1932) noted in cats 
narcotized with amyl acetate frequent irreg- 
ularities of the respiration. 

The toxicity of amyl acetate is illustrated 
in Table 5, which is based on the findings 
of Haggenmiller (1932) in mice and cats. 
It illustrates the marked irritant effect of 
amyl acetate vapors, resulting in salivation 
and lacrimation, and the narcotic action. 
Cats narcotized by amyl acetate recovered 
as a rule, but on the following day they 
were still drowsy, had no appetite, developed 
occasionally diarrhea, and frequently al- 
buminuria. With repeated exposure to con- 
of 10 liter (1,881 
p.p.m.) for six hours daily on six consecutive 
days, cats showed in the beginning fairly 
marked salivation, which subsequently sub- 
increase of the 
respiration. The urine contained always 
albumin, indicating some renal injury, but 
there was no clinical evidence of hepato- 


centrations mg. per 


sided, and a_ moderate 


toxic action, or of injury of the blood- 
forming organs. Blina (1933B) exposed 
rabbits for one hour daily to concentrations 
of 26 mg. per liter (4,890 p.p.m.) on 40 
consecutive days, and noted that the animals 
developed a secondary anemia, slight hyper- 
glycemia and glycosuria, hypocalcemia, hy- 
popotassemia, and an increase of the blood 
phosphorus, but no changes of the level of 
magnesium in the blood nor a change of the 
resistance of the red blood cells to hemolysis. 
According to Flury and Wirth (1933) amyl 
acetate is with 
injection than butyl acetate, doses of 3 mg. 


more toxic subcutaneous 
per kg. being fatal in six to twelve days, 
whereas doses of 3-5 mg. per kg. of butyl 
acetate were tolerated. 
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Pathological Changes in Experimental 
Animals.—Haggenmiller (1932) noted in 
one cat after repeated exposure incipient 
pulmonary edema and pneumonia, fatty de- 
generation of the liver and parenchymal 
injury of the kidneys. Blina (1933B) ob- 
served in guinea pigs exposed for two hours 
daily on four consecutive days to concentra- 
tions of 25.5 mg. per liter (4,797 p.p.m.) 
toxic hepatitis, hyperemia of the lungs, 
desquamative bronchitis, congestion of the 
glomeruli, nephrosis, hyperemia of the 
splenic pulp, and degenerative changes in 
the adrenals. In rabbits exposed on 40 con- 
secutive days he noted congestion of the 
splenic pulp, hypertrophy of the splenic 
follicles, sclerosis of the centrolobular ves- 
sels and of the whole trabecular system, 
desquamative bronchitis, fatty degeneration 
of the myocardium and of the liver, con- 
gestion of the glomeruli and degenerative 
changes of the tubular apparatus of the 
kidney. 

Toxicity of Amyl Acetate for Man.— 
Lehmann (1913) stated that exposure to 
concentrations of 1 mg. per liter (188.1 
p-p.m.) for one-half hour caused initially 
irritation of the larynx and cough, then 
irritation of the conjunctiva and increased 
nasal secretion, which were followed by 
dryness in the throat, moderate oppression 
in the chest, and some fatigue, but no head- 
ache. In the opinion of Nelson and asso- 
ciates (1943) concentrations of 200 p.p.m. 
will cause some irritation of the throat, and 
those of 300 p.p.m., irritation of the eyes 
and nose. Grimm, Heffter, and Joachimoglu 
(1914) stated that men exposed to the 
vapors of amyl acetate complained about 
irritation of the respiratory tract resulting 
in irritant cough, and that one weak and 
anemic individual 


suffered from loss of 


appetite and vomiting. Banik (1929) men- 


tions, as sequelae of exposure to amyl ace- 

tate vapors, cough, flushing of the heads 

moderate increase of the pulse rate, and, 


with prolonged exposure, somnolence and 
vertigo. He pointed out that the symptoms 
were more apparent at the beginning of the 
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exposure, but subsequently decreased in 
intensity as the person became inured to the 
exposure. Crecelius (1930) reported on a 
patient who evidently had a more severe 
exposure, and who complained about dysp- 
nea and vertigo, staggering gait, pain in the 
chest, cough, and fatigue. He developed 
subsequently a laryngitis and an ulcer on 
the vocal cord, which in turn resulted in 
edema of the glottis, from which the patient 
died, the assumption being that the ulcer 
was the sequela of the irritant action of 
amyl acetate. Amor (1950) believed that 
concentrations of 1,000 p.p.m. will cause 
serious toxic effects with exposure for one 
hour, and that prolonged exposure to 300 
p-p.m. may lead to illness. It is therefore 
apparent that, even in comparatively low 
concentrations, amyl acetate may cause con- 
siderable irritation, and, on the basis of 
animal experiments, it may be expected that 
higher concentrations may cause more seri- 
ous toxic effects. 

Prophylaxis ——Prophylaxis against inju- 
ries from exposure to amyl acetate vapors 
consists, above all, in proper ventilation of 
the premises where it is handled. The 
American Conference of Governmental In- 
dustrial Hygienists (1956) accepted an aver- 
age of 200 p.p.m. as threshold limit for a 
daily exposure of eight hours, but Amor 
(1950) considered 100 p.p.m. more accept- 
able for continued exposure. In view of 
the narcotic action of amyl acetate, rooms 
heavily contaminated with its vapors should 
only be entered with protective masks and 
lifeline. 

Toxicity of Secondary Amyl Acetate.— 
This was studied by Patty, Yant and 
Schrenk (1936), who found that exposure 
to 0.2 vol. % (2,000 p.p.m.) causes in guinea 
pigs no abnormal signs except irritation of 
nose and eyes with exposure for 810 min- 
utes. Exposure to 0.5 vol. '% (5,000 p.p.m.) 
caused after one minute irritation 
of eyes and nose, after 5 minutes lacrima- 
tion, in 90 minutes inco-ordination, and in 
300 to 540 minutes narcosis, from which 
the animals recovered. A concentration of 
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1.0 vol. % (10,000 p.p.m.) was fatal after 
exposure for 300 minutes. Animals that 
died during the exposure showed slight 
congestion of the brain, moderate to marked 
congestion of the systemic organs, and mod- 
erate congestion and emphysema of the 
lungs. In man, exposure to 5,000 and 
10,000 p.p.m., even for short periods of 
time, caused irritation of the eyes and nasal 
passages. Such concentrations had a very 
disagreeable odor, and even concentrations 
of 2,000 p.p.m. were found to be very un- 
pleasant. 

McOmie and Anderson (1949) studied 
the toxicity of another brand of amyl ace- 
tate, namely pentacetate, which consists of 
variable amounts of amyl acetates and amyl 
alcohols. They found that mice tolerate 
without fatality seven hours’ exposure to 
46 mg. per liter (8,860 p.p.m.) and nine 
hours’ exposure to 41 mg. per liter (7,712 
p-p.m.), but that 10 hours’ exposure to 49 
mg. per liter (9,217 p.p.m.) was fatal to 
four out of five animals. Exposure for 
eleven and one-half hours to 45 mg. per liter 
(8,475 p.p.m.) was fatal to all animals 
exposed, Mice exposed to a saturated vapor- 
air mixture showed after 10 minutes signs 
of irritation, after 30 minutes somnolence, 
after 2 hours anesthesia, and died after 7 
hours’ exposure. With intragastric admin- 
istration, the LDs5o was 10 cc. per kg. The 
application of pentacetate to the skin of 
rabbits for 8 hours caused no immediate 
irritation, and later only very slight ery- 
thema, but repeated application caused dry- 
ness of the skin and erythema. Application 
to the rabbit's eye was found to cause mod- 
erate irritation. 


Hexyl Acetate 


According to Durrans (1944), hexyl 
acetate is available in the form of several 
isomers, which are similar in character to 
amyl acetate, but have a higher boiling 
range. They are solvents for cellulose 
nitrate, colophony, ester gums, damar, kauri, 
cumarone, Manila, elemi, pontianac, pitch 
tar, and asphalt but not for cellulose acetate 
and shellac. 
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4-Methyl-pentanyl acetate is a colorless liquid of 
the molecular weight 144.21 and the specific gravity 
0.8595, which boils at 146.3 C (760 mm. Hg), has 
a vapor pressure of 3.8 mm. Hg at 20 C, and has 
a flashpoint of 110 F (43 C) (Marsden, 1954). It 
is soluble in 100 gm. of water to the extent of 
0.13 gm. at 20 C. The commercial product has a 
boiling range of 136-146 C, a specific gravity of 
0.875-0.881 20 C, a flash point of 113 F (45 C), 
and is soluble in water to the extent of 0.8 vol. % 
at 20 C (Durrans, 1944). 


(1946) found 
that concentrations of 100 p.p.m. have an 


Silverman and associates 


objectionable odor for some persons, but 
no marked irritant action over a period of 
8 hours. 

The 2-methyl-amyl ester has, according 
to Smyth and associates (1954), an oral 
L.Dso of 7,400 mg. per kg. Rabbits tolerate 
the percutaneous application of more than 
20,000 cu. mm. per kg., showing only mod- 
erate irritation. Instillation of the ester into 
the conjunctival sac of the rabbit’s eye 
caused distinct irritation, and the inhalation 
of saturated vapor-air mixtures for eight 
hours was tolerated by rats without death. 

1,3-Dimethyl-butyl acetate, methylamylacetate, 
1-methyl-isoamylacetate, CHsCOOCH(CHs)CH:- 
CH(CHs)s, has the molecular weight 144.21, the 
specific gravity 0.857 20 C, a boiling range of 
140 C-147 C, a flash point of 113 F (45 C) (closed 
cup) and the refractive index 1.4008. It is soluble 
in water to the extent of 0.08 gm. per 100 gm. 
(Scheflan and Jacobs, 1953). 

Smyth and associates (1954) determined 
the oral LDso for rats as 6,160 mg. per kg., 
and the LDs9 with cutaneous application to 
rabbits as greater than 20,000 mg. per kg., 
causing no irritation. Instillation of the 
ester into the conjunctival sac of the rabbit's 
eye was found to cause distinct irritation. 
Rats tolerated exposure for two hours to a 
saturated vapor-air mixture, but exposure 
for four hours to 4,000 p.p.m. was fatal to 
two of six animals. 


There are no reports on the toxicity of 
any of these compounds for human beings. 


Heptyl Acetate 
Heptyl acetate, CHsCOOCH:2(CHs2)sCHs, is a 


colorless liquid of fruity odor with a rose-like note 
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and sweet taste resembling that of apricots. It has 
the molecular weight 158.2 and the specific gravity 
0.874 at 16/16 C. It boils at 191.5 C (760 mm. Hg) 
and has the refractive index 1.4153. It is insoluble 
in water, but soluble in alcohol and ether. It is 
used as flavoring agent (Scheflan and Jacobs, 
1953). 

Smyth and associates (1954) studied the 
toxicity of 3-heptyl acetate for laboratory 
animals. They determined the oral LDs5o 
for the female rat as 8,350 mg. per kg., and 
found that exposure for eight hours to sat- 
urated vapor-air mixtures is tolerated by 
rats without death. Application to the skin 
of rabbits produces strong capillary injec- 
tion, but it appears to be little irritant to 
the rabbit’s eye. 

There are no reports regarding toxic 
effects on man. Because of the high boiling 
point of this material, hazards from expo- 
sure to its vapors appear to be quite remote. 


Octyl Acetate 


Of the various octyl acetates only 2-cthyl- 
hexyl acetate, CH;COOCH2CH(C.H;)- 
C,Hg9, appears to be of practical importance. 

It is a colorless liquid of the molecular weight 
172.26 and the specific gravity 0.872 at 20/20 C, 
which is a solid below —93 C and boils at 199 C 
(760 mm. Hg), the technical product having a 
boiling range of 192-202 C (760 mm. Hg). Its 
vapor pressure is low, being 0.4 mm. Hg at 20 C 
and 1 mm at 30 C. Its refractive index is 1.430 at 
20 C, and its solubility in water is 0.01 gm. per 
100 cc. at 43 C. It is miscible with alcohol and 
ether. 


It is used as solvent for cellulose nitrate and 
resins in lacquers. 

According to Smyth and associates 
(1954), the oral LDso for rats is 3,000 mg. 
per kg., and that with cutaneous administra- 
tion for guinea pigs, greater than 20,000 
cu. mm. per kg. Rats are said to tolerate 
without death exposure for 15 minutes to 
saturated mixtures. It causes 
moderate irritation ,of the skin and of the 
eyes. 


vapor-air 


There are no reports on its toxic effects 
in man, and, in view of its high boiling 
point and low vapor pressure, dangers from 
the inhalation of its vapors are quite remote. 
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Cyclohexyl Acetate 

Chemistry.—Cyclohexyl acetate,*.adronol acetate, 
hexalin acetate, is a colorless liquid of strong 
fruity odor, resembling amyl acetate. It has the 
molecular weight 142.19 and the specific gravity 
0.985 at 0/4 C. It boils at 174 C (750 mm. Hg), 
and is insoluble in water but miscible with alcohol 
and ether. Its flash point is 176 F (80 C) (closed 
cup). According to Durrans (1944) cyclohexyl 
acetate of good commercial quality has a specific 
gravity of 0.947-0.950, a flashpoint of 155 F (68 C), 
a boiling range of 170-176 C, and a minimum ester 
content of 90%. It should be of neutral reaction 
and have a refractive index of 1.438-1.440. 

Uses.—Cyclohexyl acetate is an excellent solvent 
for cellulose nitrate and other cellulose esters, 
giving viscous solutions. It also dissolves ester 
gum, colophony, damar, elemi, manila, sandarac, 
kauri, congo, basic dyes, blown oils, plextol, raw 
rubber, rubber chloride, guttapercha resin, metal 
resinates, driers, and albertols (Durrans, 1944). 

Toxicity of Cyclohexyl Acetate for Ex- 
perimental Animals —Lehmann (1913) 
found that short exposure to concentrations 
of 4, 5, and 9 mg. per liter (689, 861, and 
1,550 p.p.m.) are well tolerated by cats, 
except for a moderate irritation of eyes 
and nose, but exposure for three hours to 
9 mg. per liter causes disturbances of co- 
ordination, and that for six-nine hours 
causes resting position with light narcosis, 
restlessness, tremors, and convulsions, and, 
somewhat later, more or less complete nar- 
cosis. Deep narcosis is not well tolerated, 
and usually is fatal. Similarly Flury, Klim- 
mer and Rosser (1938) found that cats 
exposed for three hours to concentrations 
of 55 mg. per liter (9,461 p.p.m.) recov- 
ered only slowly, or died. 

As to the effects of repeated exposure 
Lehmann (1913) reported that exposures 
for eight-nine hours daily for 30 days to 
concentrations of 3-3.7 mg. per liter (516- 
637 p.p.m.) caused no toxic symptoms in 
cats or dogs, but that exposure to 6.5-9.5 
mg. per liter for eight-nine hours daily on 
five consecutive days caused in cats mod- 
erate irritation of the mucous membranes, 


fatigue, and somnolence, followed by 
prompt and complete recovery. These ani- 
*CHsCOO CH¢ 
CH:—CH: 
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mals showed no changes of the blood pic- 
ture. Flury, Klimmer, and Résser (1938) 
found that in cats repeated exposure for 
eight and one-half hours daily on five con- 
secutive days to 10 mg. per liter (1,772 
p.p.m.) caused somnolence and staggering, 
and to 30 mg. per liter (5,166 p.p.m.) with 
eight hours’ exposure for thirty days, stag- 
gering and more marked lassitude, followed 
by recovery without after-effects. 

According to these investigators the sub- 
cutaneous injection of 5 gm. per kg. and 
more causes in mice dyspnea, restlessness, 
disturbances of the equilibrium, toleration 
of side position, paralyses, and convulsions. 
They determined the minimum lethal dose 
for mice with subcutaneous administration 
as 7.5 gm. per kilogram of body weight. 

Reports on pathological changes in labo- 
ratory animals are limited. Flury and asso- 
ciates poisoned cats 
hemorrhagic edema of 
the lungs, and hyperemia of liver and kid- 
neys. 


noted in acutely 


tracheobronchitis, 


Effect of Cyclohexyl Acetate on Human 
Subjects —Lehmann (1913) reported that 
exposure to concentrations of 3 mg. per 
liter (516 p.p.m.) caused some irritation of 
the pharynx, larynx, and _ conjunctiva, 
which, however, did not increase in inten- 
sity. After the exposure the subjects did 
not experience any after-effects other than 
a peculiar sweetish taste. He believed that 
cyclohexyl acetate is three times as toxic 
as amyl acetate, especially with prolonged 
exposure, although the hazard resulting 
from exposure to its vapors is of the same 
order because of its lower volatility. There 
are no reports on injurious effects from its 
occupational exposure. 


Benzyl Acetate 


Chemistry.—Benzyl acetate + is a colorless liquid 
of aromatic, jasmin-like odor. It has the molec- 
ular weight 150.17 and the specific gravity 1,057 


at 17 C, is solid below —51.5 C, and boils at 213.5 C. 


H H 
C—C 
+CH;COOCHCY 
c=C 
H H 


4 
: 
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Its flashpoint is 216 F (102.22 C) (closed cup), and 
2 F (461.11 C). 
It is insoluble in water, but miscible with alcohol 
and ether, aromatic and petroleum hydrocarbons. 
Uses.—According to Durrans (1944) it is a good 
solvent 
lulose 


its autoignition temperature is 


for cellulose nitrate, some forms of cel- 
acetate, ester gum, copal ester, benzyl 
abietate, cumarone, mastic, castor oil, and linseed 
oil. It is also used in the manufacture of perfumes. 

According to Flury and Wirth (1933) the irri- 
tant action of the vapors on mucous membranes 
is more marked than that of n-butyl and t-amyl 
acetate, but according to Muller (1932) neither 
the application of the liquid ester to the skin nor 
to the conjunctival sac of rabbits causes distinct 
irritation. 

Absorption, Fate and Excretion—I\t has been 
shown that it through the lungs, 
from the gastrointestinal tract, and, as shown by 
Graham and Knizenga (1945), also through the 
intact skin. As shown Snapper, Grunbaum, 
and Sturkop (1925), it is hydrolyzed in the human 
organism; the benzyl radical is oxidized to benzoic 
acid, and excreted in conjugation with glycine as 
hippuric acid. 

Toxicity for Laboratory Animals.—This 
was studied by Muller (1932), who found 
that concentrations of 0.5 mg. per liter 


(81.5 p.p.m.) caused after exposure for 30 


is absorbed 


by 


TABLE 6 


M. 
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to 60 hours staggering, which, after 43 to 
87 hours, was followed by toleration of side 
position, and somewhat later by complete 
loss of reflexes. All animals exposed until 
this stage was reached died. Mice exposed 
to 1.3 mg. per liter (212 p.p.m.) developed 
after 7 to 13 hours dyspnea and, with pro- 
gressing narcosis, slowing of the respira- 
tion. After exposure for 7 to 13 hours, the 
animals became somnolent and _ staggered, 
the reflexes were abolished, and one out of 
eight animals died during the exposure, five 
after the exposure, and only two recovered 
after the exposure. Some of the animals 
developed convulsions. The effect of higher 
concentrations could not be studied because 
of the low volatility of the ester. Cats 
exposed to a flowing vapor-air mixture of 
1.1 mg. per liter (180 p.p.m.) showed some 
signs of moderate irritation, but no other 
distinct effects, and recovered promptly. 
Exposure to 1.5 mg. per liter (245 p.p.m.) 
caused deep narcosis after eight and one- 
half to fifteen and one-half hours, and four 
of eight animals died during the exposure 


—Physical-Chemical Properties of 


Vapor 

Pressure 
Boiling * of 100 Mm, 
Point, C HgatC 


Mole- 
cular * 
Weight 


Specific * 
Name Gravity 
Methyl acetate 
Ethy! acetate 
Viny! acetate 
Propy] acetate 
Isopropyl! 
acetate 
Allyl acetate 


74.08 
88.10 
86.09 
102.13 


0.933 
0.901 
0.932 
0.886 


20/4 C 
20/4. C 
20/4 C 


102.13 
100.11 


0.874 
0.928 


20/20 C 

20/4 C 

762 mm 
126.1 
118 

142 

557 mm 
146.3 


n-Butyl acetate 
Isobutyl acetate 
Isoamy! acetate 


116.16 
116.16 
130.18 


0.882 
0.871 
0.876 


20C 
20/4 C 
15/4C 


Hexyl acetate 
(Methyl- 
pentamy]) 

Heptyl acetate 

Octyl acetate 
(Ethyl-hexyl) 

Cyclohexy! acetate 


144.21 


158.2 


172.26 


0.874 
0.873 


16/16 C 
20/20 C 


191.5 
199 


142.19 0/4C 174 


Benzy] acetate 150.17 17C 


Acetic Acid Esters of Monovalent Alcohols 


Surface 

Tension 

Against 
Air or Vapor 
Dryness/Cm 


Flash Point * 

(Closed Cup) Solubility * Acid ¢ 

in Water Hydrolysis 
Cc P/100P. KS 25C 


Alkaline § 
Hydrolysis 
N/100 Sol. 
F K 40C 
330-22 C 
85 25C 
2 

1.6 


0.00680 
0.00658 


0.00680 


0.1105(4.6) 
0.0543(2.3) 


0.0408 (1.7) 


24.6 A+V 
23.9A 24.3V 
24.3 A+V 


3 2C 0.00630 
Insoluble 

0.7 
0.6 
0.25 


0.00660 
0.00552 
0.0283 


0.0306(1.3) 
25 C 
0.0241(1) 


0.8 20 C 0.0731 


Insoluble 
0.03 20 C 


80 Insoluble 


102.22. Insoluble 0.00654 


* Lange 1956. 

t Hodgman, 1950. 

t Int. Crit. Tables, VII, 1930. 
§ Trautz a. Volkmann, 1908. 


|| Figures in parentheses give the relative values based on that of fosamy] acetate-1. 
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and the remaining four one and one-half 
to fifteen hours later. Guinea pigs exposed 
to the mist of ester in a concentration of 
10 mg. per cubic meter showed during ex- 
posure for two hours no distinct signs of 
irritation, whereas cats showed marked 
salivation, lacrimation, and sometimes trem- 
ors. Rabbits showed marked salivation. All 
animals showed marked slowing of the res- 
piration, but recovered after discontinuation 
of the exposure. 

Repeated exposure of cats to concentra- 
tions of 1.1-1.5 mg. per liter (180-245 
p-p.m.) for 8-10 hours daily on seven days 
showed marked salivation, especially at the 
beginning of the exposure, somnolence, and, 
towards the end of the experiment, mod- 
erate albuminuria. 

According to Miller (1932) rabbits tol- 
erated oral doses of 1-3 gm. per kg., and 
he considered 4 gm. per kg. as minimal 
lethal dose from which the animals died 
under prefatal convulsions. The surviving 
animals showed a shift of the white blood 
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cells to the left, and a marked diuresis. 
Graham and Knizenga (1945) determined 
the oral LDs5o for rats as 3.69 gm. per kg., 
and that for rabbits as 2.64 gm. per kg. 

The subcutaneous injection of 3 gm. per 
kg. killed one rabbit in 25 hours, but doses 
of 1 gm. per kg. were well tolerated, al- 
though body temperature and respiratory 
rate were somewhat reduced. The diuretic 
action was also observed by Gruber (1924) 
in rabbits and dogs after intraperitoneal 
and intramuscular injection. 

As to the pathological changes observed 
in experimental animals, Miller (1932) 
noted, in mice which died from exposure to 
the vapors of the ester, hyperemia of the 
lungs and moderate pulmonary edema. 


The Relation Between the Chemical- 
Physical Properties of Acetic Acid 
Esters of Monovalent Alcohols 
and Their Toxicological 
Properties 


As illustrated in Table 6, the specific gravity of 
the monovalent alcohol ester of acetic acid de- 


I METHYL 
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IIo VINYL 
SOOF ar PROPYL 
Io i- PROPYL 
SOOF Iv i-BUTYL 
| i- AMYL 
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Fig. 1—The vapor tension of alkyl acetates at different temperatures (Hodgman, 1950). 
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creases from the methyl to the octyl ester, the 
iso-compounds having lower values than the cor- 
responding normal esters, and those of the esters 
of the unsaturated alcohols (vinyl acetate and 
allyl acetate) being greater than those of the 
corresponding saturated esters. The specific grav- 
ity of the cyclic and aromatic alcohols, cyclohexyl 
and benzyl acetate, are greater than those for the 
aliphatic esters with an equal number of carbons. 
The boiling point increases with the molecular 
weight, except that in the case of vinyl acetate 
it is lower, and in that of allyl acetate it is higher 
than that of the corresponding saturated compounds. 
As illustrated in Figure 1, the vapor pressure of 
these esters follows the same trend, i.e., they de- 
crease with the molecular weight, and that of the 
iso-compounds is lower than that of the normal 
isomers. 
The opposite holds true for the flash point of 
these compounds. 
The solubility in water decreases with the 
molecular weight, and the same holds true for 
acid and alkaline hydrolysis. As pointed out by 
Flury and Wirth (1933), it can be assumed that 
the aliphatic esters are also decomposed by enzymes. 
In contrast to the behavior of these characteris- 
tics, the surface tension of these esters against 
air (A) or their vapor phase (V), as far as data 
are available, does not show significant changes 
with their molecular weight. 


Table 7 gives a summary of the irritant 
action of these esters, as published by Flury 


and Wirth (1933). In judging on these 
findings, it should be kept in mind that these 
data are by no means quantitative, but rep- 
resent rather subjective data on the irrita- 
tion of the mucous membranes of eyes, 
nose, pharynx, and trachea. It shows, how- 
ever, that methyl acetate is the least irritant 
of all esters, that ethyl and propyl acetate 
are of similar order, and that butyl and 
i-amyl acetate are by far the most irritant 
esters. 


The irritant action may be affiliated with 
certain chemical-physical characteristics of 
these esters, namely the liberation of acids 
by hydrolysis, or their solubility in water, 
but, as illustrated in Figure 2, these are far 
greater with the least irritant ester, methyl 
acetate, than with the higher homologues. 
On the other hand, the methyl ester has the 
lowest boiling point and the highest vapor 
pressure (Figure 1), both of which would 
tend to reduce its accumulation on the mu- 
cous membranes. Accordingly, the most 
irritant esters, butyl and amyl acetate, have 
a low rate of hydrolysis, a low boiling point 
and vapor tension, and a low solubility in 
water, which would favor their accumula- 


TaBLe 7.—Irritant Action of Acetic Acid Esters of Monovalent Alcohols on Human Beings * 


Concentration 


Irritation of t 


Name Mg./L. Ppm 


Methy] acetate 330 
4,950 
9,900 


Ethy] acetate 278 
4,170 
n-Propy] acetate 1 240 
4,595 


n-Buty] acetate 


1-Amy] acetate 


Benzyl acetate 


Nose 


Pharynx Trachea Remarks 

Fruity odor 

Dryness of throat, feeling cold 
The same 


Fruity odor 


Feeling cold, dryness of phar- 
ynx and trachea, mod. lac- 
rimation 


Lacrimation, cough, oppres- 
sion in chest, shallow res- 
piration 


The same 


Dryness in pharynx and 
trachea 

Feeling of cold in pharynx 
& trachea 


* Flury and Wirth, 1933. 


+ indicates negative; (+), very weak irritation; +, moderate irritation; ++, moderate to marked irritation. 
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40.100 + + 


0.0600 +120 +30 


ae Fig. 2.— The relation 
between alkaline hydroly- 
sis (K), boiling point, 
and water solubility of 
alkyl acetates and their 
irritant action. 


CH; C3H7 C5 Hy 


tion on the mucous membranes of the eyes 
and the respiratory tract. 

It appears, therefore, that the irritant ac- 
tion of the acetate esters of aliphatic mono- 
valent alcohols is a function of the molecule, 
and depends largely upon the volatility of 
the ester. 

As illustrated in Table 8 the narcotic 
action of the monovalent aliphatic alcohol 
acetates increases with the molecular weight, 
and, as shown in the last column of this 
table, it is paralleled by their greater sta- 
bility towards hydrolysis. It is, therefore, 
apparent that the narcotic action is a func- 
tion of the entire molecule. As illustrated 
in Figure 3, the narcotic action is paralleled 
by an increase of the boiling point and a 
decrease of the vapor tension, i.e., it in- 
creases as the volatility decreases. It moves 
in opposite direction as the solubility in 
water. The latter may indicate that it 
parallels the increase of the partition coeffi- 


von Oettingen 


cient oil/water, data for which are evidently 
not available. In this the esters resemble 
many narcotic agents, as shown by Meyer 
(1911) and Overton (1911). As: pointed 
out by Flury and Wirth (1933), the nar- 


TABLE 8.—Narcotic Action of Acetate Esters of 
Aliphatic Monovalent Alcohols in Cats with 


Four to Six Hours’ Exposure * 
Rel. Narcotic Saponifi- 
Action cation 
Min. Narcotic Cone. Methyl Acetate-1 Velocity 
— Amyl 
Ester Me/L. Ppm Mm/L. Mg/L. Mol/L. Acetate-1 
Methyl 
acetate 56 19,000 0.78 1.0 1.0 4.4 
Ethy! 
acetate 43 12,000 0.49 1.3 1.6 2.3 
n-Propyl 
acetate 38 9,100 0.37 1.5 2.1 1.7 
n Butyl 
acetate 33 7,000 0.29 1.7 2.7 13 
i-Amyl 
acetate 24 4,500 0.18 2.3 4.2 1.0 


* Flurv and Wirth, 1933. 
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0.0900 + 
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lig. 3.— The relation 
between alkaline hydroly- 
sis (K), boiling point, 
solubility to water, vapor 
tension, and narcotic ac- 
tion of alkyl acetates. 


MOL/L =NARCOTIC ACTION 
=ALK. HYDROLYSIS 
=BOILING POINT 
=WATER SOLUBILITY----- 
=100 MM VAPORTENSION:**| 


| T 
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cotic action is of a two-phase character; 
that is, the esters show threshold limits at 
which the narcotic action suddenly shows a 
marked: change, and they assumed that in 
this reaction hydrolysis and the decomposi- 
tion into less active constituents play a 
role. They further noted that, with lower 
concentrations of the esters in the inhaled 
air, the absolute amount of the ester in- 


Taste 9.—The im Vitro Effect on the Isolated 
Frog Heart and the Hemolytic Action of Acetate 
Esters of Monovalent Aliphatic Alcohols 


Frog Heart Hemolysis 
Min. Effective Conc. Min. Effective Conc. 


Ester Gm. % Mol/L. Gm. % Mol/L. 


Methy! acetate 
Ethy] acetate 


1.902 
1.150 


0.257 8.5 1.15 
0.130 4.15 0.47 
Propy!] acetate 0.360 0.035 1.63 0.16 
i-Propy] acetate 0.637 0.062 
Buty] acetate 0.55 0.047 
i-Butyl acetate 0.178 0.015 
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haled has to be greater than with higher 
concentrations in order to produce the same 
effect. They affiliated this phenomenon with 
the presence of detoxification processes, 
which become more apparent with low con- 
centrations than with the higher ones. 


With regard to the effect of the acetate 
esters of monovalent aliphatic alcohols on 
the circulation, only few data are available 
which lend themselves for a comparison. 
As illustrated in Table 9, Fihner (1921) 
determined their inhibiting action on the 
isolated frog heart, and found, at least with 
the lower members of this series, that this 
increases with the molecular weight, the iso- 
compounds being somewhat less effective 


than the 


esters of the normal alcohols. 


However, since this type of study reflects 
at best only the effect on the heart itself, 
and because they are limited by the solu- 


bility of the esters in water, it appears not 
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impossible that studies in warm-blooded 
animals with oral or parenteral administra- 
tion may indicate a different mechanism. 

As indicated in the first column of Table 
9, the hemolytic action of these esters shows 
the same trend; methyl acetate, which is 
most soluble in water, being much less ef- 
fective in this respect than the higher hom- 
ologues. Whether and to what extent this 
is related to a reduction of the surface 
tension of water by the esters, as was dem- 
onstrated by Clark (1930) for aliphatic 
alcohols, cannot be appraised because of 
lack of adequate data. 

Toxicity.—-Unfortunately there are not 
sufficient quantitative data on the toxicity 
of these esters by various routes of admin- 
istration to allow a detailed comparison. 
From the foregoing, it is, however, obvious 
that this depends to a large extent upon the 
narcotic action. But, in addition, the effect 
on the respiratory functions has also to be 
considered, and this may involve reflectory 
effects from the upper respiratory passages 
by irritation of the trigeminal nerve end- 
ings, reflectory effects on the deeper air 
passages by means of the vagal endings, and 
effects on the respiratory center after ab- 
sorption of the esters into the blood stream. 
The stimulation of the trigeminal nerve end- 
ings is most conspicuous and most impor- 
tant. In rabbits it results in a reduction of 
the respiratory volume of the respiratory 
rate. With the higher homologues, butyl 
and amyl acetate, this effect lasts longer 
than with the lower ones, the latter showing 
frequently in addition a secondary increase, 
so that even during exposure the respiration 
may return to normal values. Stimulation 
of the vagal endings causes an increase of 
the respiration. After absorption into the 
blood stream, the esters cause only a mod- 
erate stimulation of the respiratory center, 
and this will be followed soon by a depres- 
sion. In addition, the inhalation of the 
esters, especially of the higher homologues, 
may cause hyperemia and edemas of the 
lungs. 

As indicated by repeated exposure ex- 
periments by Flury and his associates 
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(1938), it appears that in most instances 
the systemic effects are not completely re- 
versible, and there is a slow recovery of 
the animals, characterized by lack of appe- 
tite, lethargy, irritation and inflammation of 
the mucous membranes of the respiratory 
tract, loss of weight, and in some instances 
also an injurious effect on liver and kidneys. 
In addition changes of the blood picture 
may be observed, characterized by an in- 
crease of the hemoglobin content and of the 
number of red blood cells, possibly indicat- 
ing a_ stimulation of the blood-forming 
organs, which in turn may be followed by a 
depression of their functions. In some in- 
stances leukocytosis has been observed, 
possibly caused by the irritant action of the 
esters. These data are, however, not suffi- 
ciently quantitative to allow the appraisal 
of their relation to the physical-chemical 
properties of the esters. 

In spite of the greater toxicity of the 
higher esters, especially of butyl and amyl 
acetate, as compared with that of the lower 
homologues, the hazards from their indus- 
trial use are smaller because of their much 
lower volatility. But, as also pointed out 
by Flury and Wirth (1933), this holds true 
for the pure compounds, and in mixtures 
with other solvents they may depart con- 
siderably from the norm. 


Esters of Bivalent Alcohols 


The esters of bivalent alcohols or glycols 
differ from those of monovalent alcohols in 
that the glycols have two hydroxylic groups, 
which can be reacted either with acids or 
with alcohols to form mono or diacetic acid 
esters or ether-esters. 


Glycol Monoacetate 


Chemistry.—Glycol monoacetate, CHsCOOCH:- 
CH:OH, is a colorless, anhydrous, and neutral 
fluid of the molecular weight 104.10 and the spe- 
cific gravity 1.108, which boils at 182 C and is 
miscible water According to 
Gnamm (1943) it is hydrolyzed on standing, espe- 


with and alcohol. 


cially in the presence of water, with the formation 


of traces of acetic acid. The technical product 
has a specific gravity of 1.107-1.111 at 20 C, a 


boiling range of 178-179.5 C, an evaporation value 
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of 606, and a flash point of 215 F (102 C). It is 
miscible with most organic solvents, except gasoline. 
Uses.—Glycol monoacetate is used as solvent 
for collodion, acetyl cellulose, cellulose ethers, and 
many dyes. It prevents foaming of aqueous solu- 
tions, and is used in the cosmetic industry. 
Toxicity—For animals, it is very low. 
According to Flury (1938) exposure for 
eight hours on 12 occasions to nearly satu- 
rated vapor-mixtures causes in cats, mice, 
and guinea pigs lacrimation and coryza, but 
no albuminuria. One rabbit died after 11 
Twelve oral doses of 0.1 and 
0.5 cc. per kg., respectively, were well tol- 
erated by dogs, and guinea pigs tolerated 
without ill effects seven subcutaneous in- 
jections of 0.5 and 1.0 ce. per kg. Accord- 
ing to Flury and Résser (1938), cats 
exposed for 360 minutes to a concentration 
of 28 mg. per liter on two occasions showed 
signs of irritation, developed fatigue, apa- 
thy, and somnolence, and after the expo- 
sure, suffered from lack of appetite, became 
prostrated, showed signs of injury of the 
kidneys, and died after several days. Au- 
topsy revealed tracheobronchitis, incipient 
bronchopneumonia, and hyperemia of the 
kidneys. Exposure of animals to a mist of 
glycol monoacetate caused only irritation 
of the mucous membranes and moderate 
unrest, but no definite signs of narcosis, 
nor any after-effects. Karel, Landing, 
and Harvey (1947) determined the LDs5o 
for mice with intraperitoneal injection as 
1.31+0.15 ce. per kg. These animals 
showed, during the first 24 hours after the 
injection, cardiac dilatation without gross 
or microscopic changes. The lungs showed 
varying degrees of congestion, atelectases, 
edema, and small hemorrhages, whereas 
large hemorrhages were seldom seen. A 
few animals developed bronchopneumonia. 
Animals which survived for seven days 


exposures. 


showed less severe changes of essentially 
During the first day the 
liver showed varying degrees of congestion, 


the same type. 


but no severe damage. Some animals showed 
congestion and some damage of the spleen, 
and the kidneys showed glomerular and 
tubular changes. Smyth 


and associates 
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(1941) determined the oral LDs0 for rats 
and guinea pigs as 8.25 and 3.80 gm. per 
kg., respectively. 

There are no reports on toxic effects in 
human beings from this solvent, but its 
toxicity appears to be rather low. 


Glycol Diacetate 

Chemistry.—Glycol diacetate, CHsCOOCH:CH:- 
OCOCHs, ethylene acetate, is a colorless liquid 
of the molecular weight 146.14 and the specific 
gravity 1.109 at 14/4 C, which solidifies below 
—31 C and boils at 190.5 C. Its flashpoint is 
220 F (104.44 C) by the open cup method. At 
22 C, it is soluble in water to the extent of 14.3 
parts in 100, and it is miscible with alcohol and 
ether, but not with petroleum or linseed oil. Ac- 
cording to Durrans (1944) the technical product 
has a slight odor resembling that of ethyl acetate, 
the specific gravity 1.15, a boiling range of 180- 
190 C, and a refractive index of 1.415. 

Uses.—Glycol diacetate is a good solvent for cel- 
lulose acetate, cellulose nitrate, mastic, colophony, 
and gum camphor, but not for shellac, kauri, 
sandarac, damar, zanzibar, hard copal, ester gum, 
and cumarone. 


Toxicity.—According to Karel, Landing, 
and Harvey (1947), the LDso for mice with 
intraperitoneal injection is 1.07+0.45 ce. 
per kg. Animals dying during the first 24 
hours after the injection showed cardiac 
dilatation without marked gross or micro- 
scopic changes, varying degrees of conges- 
tion of the lungs, atelectases, edema, and 
small hemorrhages. In a few instances, the 
lungs showed the picture of bronchopneu- 
monia. Animals surviving for seven days 
showed less severe changes of the same 
type, and the livers showed varying degrees 
of congestion, but no severe damage. The 
spleens showed congestion and some dam- 
age, and the kidneys showed glomerular and 
tubular injury. Smyth and associates (1941) 
determined the oral LDso for rats and 
guinea pigs as 6.86 and 4.94 gm. per kg., 
respectively. 

There are no reports on human poisoning 
with this material. 


Comparison of Physical-Chemical and 
Toxicological Properties of Glycol | 
Mono and Diacetate 


Comparison of the physical-chemical and 
toxicological properties of glycol mono and 
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TABLE 10.—Comparison of Physical-Chemical Properties of Glycol Acetate Esters and Their Toxicity 


Name 


Formula 


Molecular weight * 


Glycol Monoacetate 


CH .COOCH:.CH:0H 


Glycol Diacetate 


CH,.COOCH:CH ,OOCCH; 


104.10 146.14 
Specific gravity * 1.108 1.109 14/4C 
Boiling point, C * 182 190.5 
Flash point, F * 215 (102) tech. t 220 (104.44) * 
Solubility in water * Miscible 14.3/100 22 C 
Solubility in alcohol * Miscible Miscible 
Solubility in ether * — Miscible 
Toxicity (LD 
a ce./kg. 1.3140.15 1.0740.45 
mol/kg. 0.013 0.0102 
enivets gm./kg. § 8.25 (7.97-8.63) 6.86 (6.64-7.08) 
mol/kg. 0.079 0.047 
gm./kg. § 3.8 (3.35-4.30) 4.94 (4,55-5.35) 
oral guinea pigs ee 0.036 0.034 


* Lange, 1956. 
t Gnamm, 1943. 

t Karel et al., 1947. 
§ Smyth et al., 1941. 


diacetate as given in Table 10 shows that 
both compounds are very similar in both 
respects. Unfortunately, no quantitative 
data exist on the inhalation toxicity of 
either compound, nor on the rate of their 
hydrolysis. The latter would be especially 
important for the interpretation of their 
nephrotoxic action. In view of their high 
boiling points, the danger from the inhala- 
tion of their vapors appears to be quite 
remote. 


Ethers of Glycol Monoacetate 


Etherification of the second hydroxylic 
group of glycol monoacetate with methyl 
and ethyl alcohol yields methyl and ethyl 
glycol acetate. 


Methylglycol Monoacetate 


Chemistry —Methylglycol monoacetate, CHs- 
COOCH:CH:OCHs, methyl-Cellosolve acetate, has 
the molecular weight 118.13 and the specific grav- 
ity 1.007 at 20/20 C. It is a colorless liquid 
which solidifies at —70 C, boils at 144.5 C, has 
a flashpoint of 132 F (55.56 C) (closed cup) and 
140 F (60 C) (open cup), and is miscible with 
water and most organic solvents. According to 
Gnamm (1943) the technical product is a color- 
less, anhydrous, and neutral fluid of the specific 
gravity 1.001-1.004 at 20 C, with a boiling range 
of 138-152 C, a flashpoint of 111 F (44 C), and 
an evaporation figure of 35. 

Uses.—Methylglycol acetate is an excellent sol- 
vent for acetyl-cellulose, celluloid, collodion, cel- 
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ether, rubber 


lulose 
(Gnamm, 1943). 


chloride, and many resins 

According to Flury and Wirth (1933) the tr- 
ritant action of methylglycol acetate is low. 

Its absorption, fate and excretion have not been 
studied, but animal experiments show that it is 
absorbed from the gastrointestinal tract, and 
through the lungs, but it is not known whether 
and to what extent it is absorbed through the skin. 

Toxicity for Experimental Animals.—It 
was shown by Flury and Wirth (1933) 
that inhalation of nearly saturated vapor-air 
mixtures by cats for nine hours causes only 
disturbances of the equilibrium and somno- 
lence. With exposure to concentrations of 
less than 7 mg. per liter (about 1,430 p.p.m.) 
all animals recovered after seven hours’ ex- 
posure. With higher concentrations than 
these the animals recovered temporarily, 
but then lost appetite, became lethargic, lost 
weight, and finally died. Autopsy showed 
injury of the lungs, kidneys, liver, and 
intestine, marked hyperemia of the pial 
vessels, and a prolonged clotting time of 
the blood, the picture resembling in many 
respects that produced by ethylene oxide. 
In contrast to the latter, convulsions and 
injuries of the eyes were considerably less 
frequent. Smyth and associates (1941) de- 
termined the LDs5o with oral administration 
for rats and guinea pigs as 3.93 and 1.25 
gm. per kg., respectively. 
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In contrast to the comparatively low tox- 
icity of single exposures for cats, repeated 
exposure of cats proved highly toxic, inas- 
much as only concentrations of 1 mg. per 
liter (about 205 p.p.m.) could be tolerated. 
However, even with these concentrations, 
there was a distinct reduction of the num- 
ber of red blood cells and of the hemoglobin. 
Flury and Wirth (1933) considered methyl 
glycol acetate about one-tenth as toxic as 
ethylene oxide and 10 times as toxic as 
methanol. 

There are no reports on toxic effects of 
methylglycol acetate on man, but, as pointed 
out by Flury and Wirth (1933), it is by no 
means a harmless chemical. 


Ethylglycol Acetate 
Ethylglyc« | CHsCOOCH:CH:0C:Hs, 


B-ethoxy-ethyl Cellosolve acetate, has 
the molecular weight 132.16 and the specific grav- 
ity 0.975 at 20/4 C. It is a colorless liquid which 
boils at 156.3 C, is soluble in water to the extent 
of 22 parts per 100, and is miscible with alcohol 
and ether. Its flashpoint is 124 F (51.11 C) (closed 
cup) and 135 F (57.22 C) (open cup), its lower 
explosive limit is 1.71%, and its autoignition tem- 
perature is 715 F (379 C). 

It is used in the manufacture of certain lacquers. 

Toxicity for Laboratory Animals.—Re- 
garding this, very little is known. Smyth 
and co-workers (1941) determined the oral 
LDso for rats and guinea pigs as 5.10 and 
1.91 gm. per kg., respectively, and it ap- 


acetate, 


acetate 


TABLE. 11. 


Methylglycol acetate 
(Methyl “‘Cellosolve”’ 


acetate) 
Formula 


Molecular weight * 
Specific gravity * 
Boiling point, C * 
Flash point, F (C) * 
Solubility in water * Miscible 
Solubility in alcohol * — 
Solubility in ether * — 
Toxicity (LD 


oral rats em./ke. t 
m 


118.13 


144.5 


ol/kg. 0.033 
gm./kg. 
mol/kg. 


oral guinea pie 


0.011 


CH .COOCH :CH:0CH; 


1.007 20/20° 


132 (55.56) 


3.93 (3.29-4.69) 


1.25 (1.08-1.45) 


pears to be slightly less toxic than the 
methyl ether. Like the lower homologue, it 
causes narcosis in fatal concentrations or 
doses. Oral administration causes some ir- 
ritation of the gastrointestinal tract and 
moderate irritation of the kidneys. 

There are no reports on the toxicity of 
ethylglycol acetate for man. 


Comparison of Methyl and Ethyl 
Cellosolve Acetate 


As indicated in Table 11, etherification of 
the second hydroxylic group of glycol ace- 
tate reduces the specific gravity and the 
boiling point, and the former more so with 
the ethyl than with the methyl ether. While 
the methyl ether is miscible with water, the 
solubility of the ethyl ether in water is lim- 
ited. All three properties should be reflected 
in the inhalation toxicity of these com- 
pounds, but unfortunately comparable data 
are not available. Their oral toxicity for 
rats and guinea pigs is greater than that of 
glycol monoacetate, and that of the ethyl 
ether is slightly smaller than that of the 
methyl derivative. 


Acetic Acid Esters of Di- and 
Triethylene Glycol 
Information on the toxicity of acetic 
acid esters of diethylene glycol is very 
limited. 


-Comparison of Physical-Chemical and Toxicological Properties of 
Methyl and Ethylglycol Acetate 


Ethylglycol acetate 
(Ethyl ‘Cellosolve” 
acetate) 


CH ,;COOCH:CH;:0C:Hs 


132.16 
0.975 20/4° 
156.3 
124 (51.11) 
22/100 
Miscible 
Miscible 


5.10 (4.60-5.66) 
0.039 

1.91 (1.72-2.13) 
0.014 


* Lange, 1955. 
¢t Smyth et al., 1941. 
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Diethyleneglycol monomethyl ether acetate, 
methyl Carbito! 
acetate, is a colorless liquid of the molecular 
weight 162.18 and the specific gravity 1.040 at 
20/20 C, which boils at 209.1 C and is miscible 
with water (Lange, 1955). Hodgman (1950) gives 
its flashpoint as 180 F (82.22 C). 

According to Smyth and _ co-workers 
(1941), the oral LDso for rats and guinea 
pigs is 11.96 and 3.46 gm. per kg., respec- 
tively. 


Diethyleneglycol monoethyl ether acetate, 
C,HsOCHsCH:OCH:CH:OOCCHs, Carbitol ace- 
tate, has the molecular weight 176.31 and the spe- 
cific gravity 1.009 at 20/4 C. It is a colorless 
liquid which boils at 218 C, has a flashpoint of 
224.6 F (107 C), and is miscible with water 
(Hodgman, 1950). 

According to Smyth and associates (1941), 
the oral LDso for rats and guinea pigs is 
11.0 and 3.93 gm. per kg., respectively. 

Diethyleneglycol monobutyl ether acetate, 
butyl Carbitol 
acetate, has the molecular weight 204.26. It is a 
colorless liquid of the specific gravity 0.981 20/20 
C, which boils at 246 C, has a flashpoint of 240 F 
(115.56 C), and is soluble in water to the extent of 
6.5 parts per 100 at 20 C (Lange, 1955). 

Smyth and associates (1941) determined 
the LDso for rats and guinea pigs as 11.92 
and 2.34 gm. per kg., respectively. 


TOXICITY OF ACETIC ACID AND ESTERS 


TaBLeE 12—Comparison of Physical-Chemical and Toxicological Properties of 
Ethylene, Diethylene, and Triethylene Glycol Acetate Methyl Ethers 


Table 12 gives a synopsis of these data. 
It shows that the specific gravity, boiling 
points, and flash points increase with the 
molecular weight. The oral toxicity for 
rats and guinea pigs seems to be of the same 
low order, and, because of the high boiling 
points, hazards from inhalation appear to 
be minimal. 

Comparison with the data for the corre- 
sponding ‘“Cellosove” derivatives collected 
in Table 11 shows that their toxicity is great- 
er than that of the corresponding “Carbi- 
tols.”” The reason for this difference cannot 
he explained on the basis of the available in- 
iocmation on their physical-chemical prop- 
erties. 

Triethyleneglycolmethyl ether acetate, acetic 
acid 2-[2-(2-methoxy ethoxy)-ethoxy] ethyl ester, 
is a color- 
less liquid of the molecular weight 206.3 and the 
specific gravity 1.0940 at 20/20 C, which boils at 
244 C, has a flashpoint of 260 C (500 F) (open 
cup), and which is miscible with water in all pro- 
portions. It was studied by Smyth and co-workers 
(1954), who determined the LDo for rats as 
11.26 gm. per kg., and the LDs with cutaneous 
administration to rabbits as 8 cc. per kg. They 
showed that rats will tolerate exposure for eight 
hours to a saturated vapor-air mixture without 
fatalities. 


Name Ethyleneglycol 
monoacetate 


methy] ether * 


Formula H.COOCCH, 


H.COCH, 


Molecular weight 118.13 
Specific gravity 1.007 20/20 C 
Boiling point, C 144.5 
Flash point, F (C) 132 (55.56) 
Solubility in water Miscible 
gm./kg. 3.93(3.29-4.69) 
Oral LD se rats par 0.033 


* See “‘methylglycol monoacetate”’ in article. 
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Diethyleneglycol Triethyleneglycol 
monoacetate monoacetate 
methyl ether methy! ether 


H,COOCCH:, 


H,COOCCHs 
| 


H.C H.C 
| | 

H 


| 
H.COCH, 


H,COCHs 
162.18 206.3 
1.040 20/20 C 1.0940 20/20 C 
209.1 244 760 mm./Hg 
180 (82.22) 500 (260) 
Miscible Miscible 
11.96(10.68-13.44) 11.26(7.66-16.53) 
0.073 0.055 


: 

| 
H.C 

Oo 
| 
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Comparison of the methyl ether of mono-, 
di-, and triethylene glycol acetate shows, as 
illustrated in Table 12, that the specific 
gravity, boiling points, and flash points in- 
crease with the molecular weight. The oral 
toxicity for rats decreases markedly when 
two ethylene glycol molecules are condensed, 
and moderately when three are condensed, 
so that the toxicity of triethylene glycol 
acetate methyl ether is intermediate between 
the mono- and diethylene glycol derivatives. 
It should be pointed out that the same rela- 
tion exists between the unsubstituted mono- 
and diethylene glycols, the LDs9 of which 
for rats is, according to Smyth and asso- 
ciates (1941), in moles per kilogram as 
follows: ethylene glycol, 0.137; diethylene 
glycol, 0.196; triethylene glycol, 0.166. 

In this instance the difference in toxicity 
is most likely due to different fates in the 
metabolism, and the same explanation may 
hold true for the methyl acetate ethers. 


Propyleneglycol Acetates 

Propyleneglycol mono(1) acetate, CHsCOOCH:2- 
CHOHCHs, has the molecular weight 118.3. It is 
a colorless liquid of the specific gravity 1.055 at 
20 C, boils at 182-183 C, and is soluble in water 
(Lange, 1956). 

Smyth and co-workers (1941) determined 
the oral LDso for rats as 17.93 gm. per kg. 
(0.151 mol/kg.). 

Propyleneglycol diacetate, CHsCOOCH2CH- 
(OOCCHs)CHs, has the molecular weight 160.17. 
It is a colorless liquid which solidifies at —31 C, 
boils at 190.2 C, and is soluble in water to the ex- 
tent of 10% (Lange, 1956). 

According to Smyth and associates (1941), 
the oral LDso for rats and guinea pigs is 
13.53 and 3.42 gm. per kg., respectively 
(0.084 and 0.021 mol/kg.). 


It appears, therefore, that both esters are 
of a comparatively low degree of toxicity, 
and that hazards from their industrial use 
are quite remote. So far, no injuries from 
the compounds have been reported. 

Comparison of the physical-chemical properties 
of these two compounds shows that the boiling 
point of the diacetate is higher than that of the 
monoacetate, Similar relations exist between 
ethylene glycol mono- and diacetate. 
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As to the toxicity of these compounds the 
LDso values for rats indicate that propylene 
glycol monoacetate is about half as toxic as 
the diacetate, the corresponding values be- 
ing 0.151 and 0.084 mol per kg., and a sim- 
ilar relation exists between ethylene glycol 
monoacetate and diacetate for which the 
figures are 0.079 and 0.047 mol per kg., 
respectively. Comparison of these two sets 
of figures shows that the propylene com- 
pounds are about half as toxic as the ethyl- 
ene glycol derivatives, perhaps because of 
a less rapid absorption from the gastroin- 
testinal tract, a greater stability towards 
hydrolytic processes, and a different fate in 
the metabolism, as established for ethylene 
glycol and propylene glycol. 


Butylene Glycol Acetate 


No toxicological data are available on 
butylene glycol acetate itself, but its methyl 
ether has been studied to some extent. 

Chemistry.—Methyl-1, 3-butylene glycol acetate, 
CHsCOOCH:CH(OCHs)CHs, 3-methoxybutyl ac- 
etate, Butoxyl, has the molecular weight 146.19. 
According to Durrans (1944), it is a colorless 
liquid of weak, pleasant odor, which has the spe- 
cific gravity 0.956 at 20 C, boils between 167 C 
and 171 C, has a flashpoint of 140 F (60 C) and an 
evaporation rate of 75. It is soluble in water to 
the extent of about 10%. 


It is used as a solvent for cellulose nitrate, cel- 
lulose ethers, ester gum, guttapercha, vinyl and 
other resins, and oils. It does not dissolve cellulose 
acetate and rubber. 


According to Flury (1938), and Smyth 
and co-workers (1954), it causes not only 
very moderate irritation of the skin, but, 
according to the latter, marked irritation 
of the eye when instilled into the conjunc- 
tival sac of rabbits. The vapors cause 
moderate irritation of the mucous mem- 
branes (Flury, 1938). According to Smyth 
and associates, rats tolerate exposure to 
saturated vapor-air mixtures for eight hours 
without death. According to the same in- 
vestigators the oral LDso for rats is 4.219 
gm. per kg., and Flury (1938) reported that 
the subcutaneous injection of 0.1, 0.5, and 
1.0 gm. per kg. causes no injurious effect 
in rats and guinea pigs. 
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TABLE 13.—Comparison of the Physical-chemical 


Methylethylene Methylbutylene 
Name glycol acetate glycol acetate 
Formula H.COOCCH H.COOCCH; 
H.COCH; H:C 
HCOCH:; 
H;C 
Molecular weight 118.3 146.19 
Specific gravity 1.007 20/20 ° 0.956 20° 
Boiling point, C 144.5 167-171 
Flash point, F C 132 (55.56) 140 (60) 
Solubility in water Miscible 10% 
Solubility in alcohol 
Solubility in ether _ -_ 
Toxicity oral LD so 
rats gm./kg. 3.93 4.219 
mol/kg. 0.033 0.028 


He found also no evidence of a cumula- 
tive action, inasmuch as oral and subcuta- 
neous doses of 0.1 gm. per kg., given on 
six occasions, had no injurious effect on 
rabbits, guinea pigs, or mice. 

There are no reports on any injurious 
effects of this solvent on men, and the 
hazard connected with its industrial use 
appears to be very small. 

Comparison of the physical-chemical and 
pharmacological data of methyl ethylene 
glycol acetate and methyl butylene glycol 
acetate, as given in Table 13, shows that 
the higher homologue has a somewhat lower 
specific gravity, a higher boiling point and 
flashpoint, and is less soluble in water. It 
is somewhat more toxic than methyl ethyl- 
ene glycol acetate, the LDs59 values for rats 
being 0.028 and 0.033 mol per kg., respec- 
tively. A reason for this increased toxicity 
cannot be given on the basis of the available 
information. 


Acetic Acid Esters of Trivalent Alcohols: 
Glyceryl Monoacetate 


Chemistry.—Glyceryl monoacetate, CHsOHCH- 
OHCH:2OOCCHs, monoacetin, acetin, is a color- 
less, very hydroscopic liquid of the molecular 
weight 134.13 and specific gravity 1.20 at 20/4 C, 
which boils at 158 C (at 165 mm. Hg), and which 
is very soluble in water and alcohol, soluble in 
ether, and insoluble in benzene. 
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Use.—Monoacetin is used in the manufacture 
of smokeless powder and dynamite, as solvent for 
basic dyes, and in tanning leather. 


Irritant Action—As shown by Li, Sah, and 
Anderson (1941), the subcutaneous injection of 
monoacetin causes some irritation at the site of the 
injection, and the instillation of a 50% solution 
(pH 3.88) into the conjunctival sac of rabbits 
caused a slight degree of transient hyperemia of 
the conjunctival vessels. 


Absorption, Fate, and Excretion—Monoacetin 
is absorbed from the gastrointestinal tract, but ac- 
cording to Chenoweth and associates (1951), this 
is slow and irregular. It is not known to what 
extent it is absorbed through the lungs and 
through the skin. But in view of its high boiling 
point, the pulmonary absorption is probably of little 
importance. Its fate in the organism and its ex- 
cretion have evidently not been studied. 

Toxicity for Animals.—Meyer (1899) 
found that monoacetin has moderate nar- 
cotic properties for frogs (rana esculenta), 
doses of 0.2 gm. causing moderate, and 
those of 0.25 to 0.5 gm. distinct narcosis, 
characterized by reduced sensitivity to stim- 
uli, reduced motility, disturbances of the 
equilibrium, and attenuation of the reflexes. 
He found that doses of 0.5 gm. are always 
fatal, and that the animals died from car- 
diac arrest in diastole. According to the same 
author, the intramuscular injection of 0.6 
gm. into the breast muscle of pigeons causes 
deep narcosis, from which the animals re- 
cover. Li, Sah, and Anderson (1941) de- 
termined the LDs9 with subcutaneous 
injection for rats as 5.6 cc. per kg., using 
a 50% aqueous solution adjusted to pH 7 
with a phosphate buffer, and the LDjo9 as 
7.5 to 10.0 cc. per kg., the corresponding 
values for mice being 4.0 and 6.0 ce. per kg., 
respectively, given as 20% or 10% buffered 
solution. Animals receiving fatal doses usu- 
ally died after from 20 minutes to 3-4 hours. 
The animals showed marked depression of 
the central nervous system, weakness, and 
prostration, and some developed convulsions 
prior to death. Animals surviving the in- 
jections for 24 hours or more generally 
showed no symptoms, except a moderate 
transient depression. 


With regard to the effect of monoacetin 
on the circulation, Mendez and Pallares 
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(1948) found that in cats the intravenous 
injection of 0.20 to 0.25 cc. per kg. caused 
a slight fall of the blood pressure followed 
by a rise of long duration, the primary 
hypotensive action being presumably due 
to a depression of the smooth muscles of 
the blood vessels, resulting in vascular dila- 
tation, as indicated by the increase of blood 
flow through the hind legs of dogs. From 
studies with the heart-lung preparation of 
dogs, it appears that monoacetin causes also 
a slight depression of the heart muscle, but 
this seems to be only of secondary impor- 
tance. 


As shown by the same authors, the injec- 
tion of monoacetin is followed by an in- 
crease of the respiratory volume and the 
respiratory rate. 


Li, Sah, and Anderson (1941) found 
that, in concentrations of 1:500 to 1:4,000 
in 0.9% saline, monoacetin does not hemo- 
lyze the red blood cells of dogs over a period 
of 24 hours, but, according to Chenoweth 


and associates (1951), the intramuscular 


injection has been followed occasionally by 
hemolysis, possibly because of a contamina- 


tion with glycerol. 


As shown by the same investigators, the 
daily subcutaneous injection of 0.1 cc. per 
kg. for 70 days causes no toxic effects in 
rats, and similar results were observed in 
dogs, indicating that the possibility of a 
cumulative action is quite remote. 


Pathological changes observed in experi- 
mental animals consist in dilatation of the 
heart and diffuse congestion of the lungs. 
The kidneys show some cloudy swelling of 
the convoluted tubules, which occasionally 
may contain casts, and the liver may be 
congested. 

Toxic Effects for Human Beings.—There 
are no reports on toxic effects of mono- 
acetin for human beings, and the hazards 
from handling this material appear to be 
comparatively small. Chenoweth and asso- 
ciates (1951) proposed its use in the treat- 
ment of poisoning with fluoroacetic acid. 
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Glyceryl Diacetate 


Chemistry—Glyceryl diacetate, CHsCOOCH:- 
CHOHCH:0OCCHs, diacetin, has the molecular 
weight 176.17 and the specific gravity 1.178 at 
15/15 C. It solidifies below 40 C and boils at 
175-176 C (at 40 mm. Hg), and is soluble in water 
and alcohol, but only slightly soluble in ether. 

Diacetin H is, according to Gnamm (1943), a 
slightly yellow, oily liquid of moderate odor, which 
consists of diacetates of synthetic multivalent al- 
cohols, in addition to small quantities of mono- and 
diacetate. Its specific gravity at 15 C is 1.085- 
1.095, and its boiling range 160-190 C (at 20 mm. 
Hg). Its flashpoint ranges from 293 F to 311 F 
(145-155 C). It is miscible with alcohols, ethers, 
glycol ethers, and ketones; it is less soluble in 
acromatic hydrocarbons, and incompatible with 
aliphatic hydrocarbons and decalin. 

Diacetin is used as a plasticizer. 

Irritant Action—According to Latven and Moli- 
tor (1939), the intradermal injection of diacetin 
causes marked local irritation, and its instillation 
into the conjunctival sac of rabbits causes mod- 
erate to marked edema and hyperemia of the 
conjunctiva. 

As to the absorption, fate and excretion of 
diacetin, little information is available, except that 
it is absorbed from the gastrointestinal tract. But 
no experiments have been reported to show 
that it is absorbed through the skin, and the possi- 
bility of its absorption through the lungs appears 
to be quite remote because of its high boiling point. 

Toxicity of Diacetin for Laboratory Ani- 
mals.—Meyer (1899) found that doses of 
0.05 gm. cause in medium-sized frogs (rana 
esculenta) only a moderate depression of 
the central nervous system, but that doses 
of 0.1 gm. cause after 15 minutes a dis- 
tinct reduction of the nervous functions, 
and that doses of 0.2 gm. cause 
after 2 minutes marked disturbances of the 
equilibrium, loss of reflexes, and deep nar- 
cosis, followed by death from cardiac arrest 
in diastole. Similarly the intravenous in- 
jection of 1.0 gm. per kg., given as 10% 
solution, causes in rabbits abolition of re- 
flexes, deep sleep, distinct dyspnea, and a 
primary rise and subsequent fall of the 
blood pressure, death being due to respira- 
tory arrest, while the heart continues to 
beat. Similar observations were published 
by Mendez and Pallares (1948), who re- 
ported that in cats the intravenous injection 
of 0.20-0.25 cc. per kg. causes a marked 
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fall of the blood pressure, presumably be- 
cause of peripheral vasodilatation. They 
also noted a simultaneous relaxation of the 
uterus, and a central stimulation of the 
respiration. Latven and Molitor (1939) 
determined the LDs59 of diacetin, with sub- 
cutaneous, oral, and intravenous adminis- 
tration, of mice as 3.5, 8.5, and 2.3 cc. per 
kg., respectively, and the LDjo9 as 4.0, 15.0, 
and 3.0 cc. per kg., respectively. These 
animals showed a progressive depression of 
the respiration, and died from respiratory 
arrest, death being sometimes preceded by 
convulsions. These findings are in agree- 
ment with those reported by Li, Sah, and 
Anderson (1941), who determined the LD5o 
for rats and mice with subcutaneous injec- 
tion as 4.0 and 2.5 ce. per kg., and the LDjoo 
as 5-10 cc. and 3-4 cc. per kg., respectively, 
using a 50% solution adjusted to a pH of 7 
with a phosphate buffer, and a 10% and 
20% solution similarly buffered. They also 
reported that concentrations of 1:500 to 
1:2,000 in 0.9% saline cause slight hemol- 
ysis of canine erythrocytes within 18 hours, 
without formation of acid hematin. In 
contrast to monoacetin, a 50% solution of 
diacetin (pH 3.88) was found to precipi- 
tate dog serum. 

The pathological findings in animals poi- 
soned with diacetin consist essentially in 
dilatation of the heart, diffuse congestion 
of the lungs, some swelling of the convo- 
luted tubules of the kidneys, and congestion 
of the liver. 

There are no reports on the toxic effects 
of diacetin in man. 


Glyceryl Triacetate 


Chemistry.—Glyceryl triacetate, CHsCOOC:- 
CHOOCCH:CH:00CCHs, triacetin, has the mo- 
lecular weight 218.20 and the specific gravity 
1.161 17/4 C. It is a colorless liquid which solidi- 
fies below —78 C and boils at 258-259 C. At 15 C, 
it is soluble in water to the extent of 7.17 parts 
per 100, and it is miscible with alcohol, benzene, 
chloroform, and ether (Lange, 1956). According 
to Gnamm (1943) the technical product, Triacetin 
H., is an oily liquid of weak odor, a specific grav- 
ity 1.080-1.090, and a boiling range of 160-180 C 
at 20 mm. Hg, having a flashpoint of 284-302.0 F 
(140-150 C). It is soluble in alcohols, esters, 
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glycol ethers and their esters, and in aromatic 
hydrocarbons. 


Uses.—Triacetin H. is used as plasticizer, and 
triacetin as fixative in perfumery, as solvent in 
the manufacture of celluloid, and of photographic 
films. The technical product, which is essentially 
a mixture of mono- and diacetate with a small 
amount of triacetate, is used as a solvent for basic 
dyes, particularly of indulins, and tannin in dyeing. 

Irritant Action—According to Li, Sah, and 
Anderson (1941) the irritant action of triacetin 
is of the same order as that of diacetin. 


Absorption, Fate and Excretion—Triacetin is 
absorbed from the gastrointestinal tract. It is not 
known whether and to what extent it is absorbed 
through the skin, and, because of its high boiling 
point, its absorption through the lungs appears to 
be quite remote. 

Toxicity for Animals.—The depressant 
effect on the central nervous system of tri- 
acetin is more marked than that of diacetin. 
Meyer (1899) found that in medium-sized 
frogs (rana esculenta) doses of 0.02 to 
0.025 gm. caused light narcosis, and those 
of 0.1 gm., deep narcosis. Larger doses of 
0.5 gm. caused deep narcosis within a few 
minutes, and doses of 0.15 gm. and more 
were always fatal. According to the same 
author the injection of 0.3-0.5 gm. into the 
pectoral muscle causes in pigeons moderate 
depression without side-effects, followed by 
prompt recovery, but doses of 1.0 gm., given 
in two equal fractions 25 minutes apart, 
caused deep narcosis, which, after 20 min- 
utes, was followed by dyspnea, and death 
from respiratory and cardiac arrest. In 
rabbits the subcutaneous injection of 0.8 
gm. per kg., given in three fractional doses, 
caused a temporary stimulation of the res- 
piration, but no narcosis, and the gastric 
administration of 3.2 gm. per kg. caused 
only moderate depression after two hours 
had elapsed. On the other hand, the slow 
intravenous injection of 1.48 gm. per kg. 
given in three fractional doses, of 2.4 gm. 
per kg. given in two fractional doses, and 
a single dose of 1.46 gm. per kg., caused 
within a few minutes in all instances deep 
sleep, reduction of the tendon reflexes, and 
reduction of the sensitivity to pain. The 
respiration became slow and labored, and 
the animals died from respiratory arrest. 
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TaBLeE 14.—Comparison of the 


hysical-Chemical and Toxicological Properties of Acetins 


Monoacetin 


Name Glyceryl monoacetate 


Formula H.COOCCH, 


HCOH 


| 
H.COH 


Molecular weight * 
Specific gravity * 
Boiling point °C * 
Solubility in water * 
Solubility in alcohol * 
Solubility in ether * 
Partition coef. ¢ 

oil/water 0.06 
Narcotic act. 

for tadpoles mol/liter 
Narcotic act, t 

for frogs gm./frog 
Fall of blood pressure in cats § 
LD se sube. rats 

cc./kg. 

gm./kg. 

mol/kg. 
LD sube. mice || 

ec./kg. 
gm./kg. 
mol/kg. 


134.13 
1.20 20/4 C 
158 (165 mm. Hg) 
Very soluble 
Very soluble 
Slightly soluble 


* Lange, 1956. 

+t Baum, 1899. 

t Meyer, 1899. 

§ Mendes & Pallares, 1948. 

| Li, Sah, Anderson, 1941. 

{ + indicates moderate fall; ++, moderate to marked fall. 


Mendez and Pallares (1948) showed in cats 
that the intravenous injection of triacetin 
is followed by a sharp fall of the blood pres- 
sure and relaxation of the uterus, and that 
in this respect it is about twice as potent 
as diacetin. Li, Sah, and Anderson (1941) 
determined the oral LDso and LDyoo for 
rats as approximately 3.0 and 4-10 cc. per 
kg., respectively, giving it as 50% solution 
adjusted to a pH of 7 with phosphate buffer, 
or as 20% and 10% solutions buffered in 
the same way. The symptoms consisted in 
a marked depression of the central nervous 
system, labored respiration, weakness, pros- 
tration, and marked dyspnea prior to death. 
They found that, like diacetin, triacetin has 
some hemolytic action in vitro, but does not 
form a precipitation with dog serum, but 
rather an emulsion. 

Reports on pathological changes caused 
by triacetin in experimental animals are 
scanty. Meyer (1899) noted in rabbits, 
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Diacetin 
Glyceryl] diacetate 


Triacetin 
Glycery] triacetate 


H,COOCCH; H:COOCCH, 


HCOH HCOOCCH, 


H.:COOCCH: H.COOCH;, 
176.17 
1.178 15/15 C 
175-6 (40 mm. Hg) 
Soluble 
Soluble 
Slightly soluble 


218.20 
1.161 17/4 C 
258-9 
7.17/100 15 C 
Miscible 
Miscible 


0.23 0.30 
0.10 


0.1 
++ 


3.0 
3.48 


after fatal poisonings, pulmonary edema, 
and sometimes small infractions in the lungs. 

Toxicity of Triacetin for Man.—No re- 
ports on adverse effects are available, and 
the hazards from industrial exposure ap- 
pear to be not great. 

Comparison of the Physical-Chemical and 
Toxicological Properties —As illustrated in 
Table 14, data on the physical-chemical 
properties of acetins are difficult to interpret 
because some of these, such as the specific 
gravities and boiling points, were not de- 
termined under the same conditions, and 
others, for example the solubilities, are not 
quantitative. It is, however, apparent that 
the solubility in water decreases with the 
molecular weight, and that the partition 
coefficient oil over water increases with the 
latter. The narcotic action in frogs shows 
the same relation as the partition coefficient. 
The hypotensive action of the esters in- 
creases from mono- to diacetin, whereas that 
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| 
i 
an 
0.2 
++ 
4.0 om 
2 4.71 cal 
ee, 053 0.027 ca. 0.016 
2.5 2.3 
0.0165 0.012 
: 


of triacetin differs not materially from that 
of diacetin. On the other hand, the toxicity 
for rats and mice increases definitely from 
monoacetin to triacetin, and mice appear to 
be more sensitive than rats. 


Dept. of Health, Education, and Welfare, Public 
Health Service. 
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Abstracts from Current Literature 


The following abstracts are taken very largely from the best of the abstracting services 
in this general field—Bulletin of Hygiene (London), Industrial Hygiene Digest (Pittsburgh), 
Public Health Engineering Abstracts (Washington, D.C.), and Air Pollution Control As- 
sociation Abstracts (Pittsburgh). Except for the minor changes necessary to adapt them to 
the typography of the Arcuives, these abstracts are published exactly as they are received 
from the abstracting services, and neither the Editorial Board of the ARCHIVES nor the 
manuscript editing section of the American Medical Association can assume responsibility for 
their editorial style. In addition, a few abstracts prepared by experienced abstractors not 
associated with these services are included. 

The Editorial Board will warmly welcome abstracts submitted by interested readers and 
will publish any that are deemed worthy of publication. 


General 


An EpImpeMIoLocicaL Stupy oF LuNG Cancer. H. L. LomBarp and L. S. Snecirerr. Cancer 

12 :406-413 (March-April) 1959. 

A seven-year study was conducted using the historical method, in order to investigate 
possible relationships of certain exogenous and endogenous factors of lung cancer. The types 
of variables selected were (1) smoking habits, (2) inhalation of tobacco smoke, (3) sex, 
(4) respiratory conditions, (5) personality characteristics, (6) effects of irritation, (7) 
occupation, and (8) heredity. A group composed of 500 men diagnosed as lung cancer cases 
was compared statistically with eight control groups. Results of statistical analyses showed 
a strong association between the variables of heavy cigarette smoking and lung cancer, and 
a slight association between lung cancer and three other variables, frequent and/or chronic 
respiratory illness, heavy consumption of alcohol, and outdoor occupation. No significant 
difference was found between the lung cancer group and the controls in regard to the effect 
of irritation from dusts, smoke and fumes, plant dyes and sprays, oil, grease, and tars. This 
does not preclude effects in isolated cases. 

APCA Apsts. 


MEASUREMENT OF AEROSOL CONCENTRATION BY DETERMINATION OF HIGH-FREQUENCY SoUND 
Extinction. R. PoHLMAN and K. Wo ters. Arbeitstag. Schwebstofftechnik. Chem. Ingr. 
Tech. 31:58 (Jan.) 1959. 

A newly developed technique to measure concentrations and particle sizes of aerosols, 
using an ultrasound-extinction method, is discussed. Essentially, the apparatus consists of an 
ultrasound generator and receiver, both attached to the ends of a calibrated hollow cylinder, 
the measuring tube. Sonar measurements are made with and without aerosols. To prevent 
coagulation of particles, frequencies used are so high that vibration of particles is avoided, 
and sound intensities are kept low enough to prevent formation of static waves. No measure- 
ments have been completed as yet. However, theoretical studies on globular particles have 
revealed that sound extinction is proportional to particle concentration and depends on particle 
size as well as on sound frequency. Two methods are suggested: (1) the difference ‘method, 
by which aerosol-containing air is conducted first through a calibrated stretch of the tube 
and then, after filtration, through another stretch of calibrated tube; by this method, particle 
concentrations can be determined, and (2) the duplex-difference method, in which different 
sound frequencies are used for the measurements and which allows for determination of 
particle diameters as well. 

APCA Assts. 


OccuPATION AND MortALITY: MISCELLANEA; I. Morrarity; II. Morrarity MIN- 
ING AND Quarryinc Occupations; III. Morrariry 1n Transport Occupations. A. J. 
Heavy, D. D. and C. T. Cornwext. Brit. J. Indust. Med. 16:70-75 (Jan.) 1959. 

These three papers, based on the Occupational Supplement of the Registrar-General, dis- 
cuss some aspects of the problem of occupational risk which might interest industrial Medical 

Officers. 
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Heady reviews the mortality among infants by occupation of the father. Neonatal, post- 
neonatal, and stillbirth rate all increase as the social class of father decreases from I to V. 
The same progression was found for five important causes of infant deaths. There was 
a considerable variation in the size of the infant mortality between occupational groups, and 
of the 10 groups with the highest infant mortality 2 were from Social Class III and 2 from 
Social Class V; of the 10 groups with the lowest infant mortality 1 was from Social Class 
III. The infant mortality of these 20 groups is compared with the standardized mortality 
ratio for ages 20-64 for respiratory tuberculosis, chronic heart disease, pneumonia, and 
bronchitis, which have a marked social class gradient. Generally the mortality for these 
causes was low where the infant mortality was low and high where the infant mortality 
was high, but there were some interesting exceptions. Heady discusses the reliability of the 
occupational data and the difficulties arising from change of job and those arising from the 
fact that the data on deaths and population come from two different sources, the consequence 
being that the occupation on the death certificate may differ from that given in the census 
return. 


The validity of the death rates in the mining population has been questioned, particularly 
comparisons between different occupations within the industry. Reid reviews the difficulties 
of obtaining a true death rate, the chief of which is the actual occupation of the dead man. 
A recent investigation (Bull. Hyg. 33:1,143) comparing occupations showed that there were 
serious discrepancies between that given on the death certificate and the actual occupation 
followed at the time of death. Many men were described as coal-face workers who were 
not employed in this capacity. It seems that coal-face workers have a lower mortality than 
that ascribed to them in the bdccupational supplement. Movements within the industry are 
factors which affect the death rate, and it is, generally, the younger and fitter men who leave 
the industry when work becomes scarce. It is evident that caution is needed in interpreting 
the specific death rates for occupational groups within the mining industry. Accidents and 
dust diseases are undoubtedly hazards of importance. 


Transport workers form another large occupational group which gives rise to difficulties 
in interpretation of death rates. Cornwall outlines these difficulties. Among railway workers 
the ticket collectors have a high mortality mainly because this occupation is one to which 
men rejected from other grades of work are posted. Misstatements of occupation affect 
comparisons between groups of transport workers. Medical selection in the case of holders 
of a public services vehicle license influences the mortality rate of this group, which is low. 
Rates for water transport workers are affected by omissions in the census returns for the 
merchant navy. 


Butt. Hye. 


Physiology and Nutrition 


Lune Exasticiry EvALUATION IN NORMAL AND SILIcoTic SuBJECTS BY DETERMINING THE 
RELAXATION Pressure Curve. E. A. Grieco, P. Scortt, and M. ToMASINI. 
Med. lavoro 49:513-520 (Aug.-Sept.) 1958. 

Lung elasticity was studied in normal silicotic patients by determining the curve of re- 
laxation pressures of chest and lungs according to Rahn and colleagus: this curve makes 
it possible to calculate the relaxation volume on breathing and the elastic work on breathing. 
The following subjects were studied: 23 normal males (average age: 44.6 years) and 41 
silicotic males, 21 of which had reticular-micronodular silicosis (average age: 48.7 years); 
7 had nodular disseminated silicosis (average age 50.3 years), and 13 had confluent nodular 
or massive silicosis (average age 53.2 years). In the normal subjects group and in the three 
groups of silicotic patients the average value of relaxation volume was found to be, re- 
spectively, 40.3%, 47.5%, 47.6%, and 52.2% of the vital capacity (the difference between the 
average normal value and the values of all three silicotic groups is statistically significant). 
The average value of expiratory maximum pressure was found to be, respectively, 22.3, 
14.5, 10.7, and 74 mm. Hg (differences between the values of all groups are statistically 
significant). 


The average value of elastic work on breathing corresponding to a ventilatory volume 
of 500 ml. was found to be, respectively, 981, 873, 758, and 587 g. cm. (the differences are 
statistically significant only for average normal value and massive silicotics group, and for 
reticular silicosis group and massive silicotics group). These findings show that in all the 
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forms of silicosis there is a decrease of pulmonary elasticity, to be connected with the fibrosis 
and the associated emphysema. 
AuTHors’ SUMMARY 


Controt or COHb DeterMINATION WITH THE Isopestic Point MetHop. M. Grusiteo. Mei. 
lavoro 49 :530-534 (Aug.-Sept.) 1958. 


The isobestic point method for the spectrophotometric determination of COHb was sub- 
mitted to experimental control: the wave lengths to be used for reading were slightly modified 
(572-580.5 my); the two constants introduced in the authors’ formula were found much 
higher (30% and 2.6%, respectively) than those obtained from the controls. 

Experiments performed with the rearranged formula indicate the opportunity of refining 
the method, whose theoretical principle is considered quite valid. 

AvuTHor’s SUMMARY 


NorMat Vitat Capacity VALUES AND MAXIMUM ExXpPIRATORY VOLUME PER SECOND. E. 
Garrurr and A. Berra. Med. lavoro 49:504-512 (Aug.-Sept.) 1958. 


Vital capacity and maximum expiratory volume per second values, obtained from 104 
healthy male subjects 16 to 64 years old, were studied statistically. A nomogram was worked 
out for calculating the theoretical normal values of such spirometric data according to age 
and stature. A comparison is made between the various equations proposed, and those most 
recommendable for calculating the same normal theoretical values are indicated. 

AvuTHors’ SUMMARY 


Quartz ACTIVITY ON THE RECONSITIUTION OF THE COLLAGEN FIBRILS FROM SoLutTions. E. 
Crerict and A. Barrati. Med. lavoro 49 :485-493 (Aug.-Sept.) 1958. 


The reconstitution of collagen fibrils from rat-tail tendon acid solution was studied by 
chemical and electron microscopical means. It was shown that the inability of the quartz- 
adsorbed collagen solutions to produce a fibrous precipitate by addition of salts is not to 
be referred to an adsorbtion of secondary particles on the quartz surface but to a massive 
decrease of the precipitable collagen. In fact, the precipitate formed after addition of adsorbed 
quartz is not formed by collagen fibers, as shown by chemical analysis and electron micro- 
scope pictures, but by an ill-defined globular-shaped protein precipitate. 

AUTHORS’ SUMMARY 


QUANTITATIVE ANALYSIS OF ToTAL HEMOGLOBIN PIGMENTS IN THE BLoop: A CoMPARISON 
BETWEEN Two PHotoMetric Metuops. M. GrusiLeo and R. Grister. Med. lavoro 50:301- 

306 (April) 1959. 

A comparison was made between Stadie’s method, modified by Wu and Malloy, and 
Michel and Harris’ method: the hemoglobinic pigments were determined on 50 blood samples 
with both methods. 

CONDENSED FROM AUTHORS’ SUMMARY 


RELIABILITY OF THE DETERMINATION OF ARTERIAL BLoop OxYGEN SatuRATION (A.O.S.) IN 
Vivo, aT Rest, AND DurING WorK, WITH THE WATERS X-80A OXIMETER: A Stupy oN 
NorMAL, SiLicotic, EMPHYSEMATOUS, AND TUBERCULOUS SuByeEcTs. E. SARTORELLI, M. 
Macistrettt, E. Perrone, A. Grieco, and M. G. GriMacpr. Med. lavoro 50:286-300 (April) 
1959. 

The percentages of A.O.S. obtained in vitro with the cuvet of the oximeter have been 
statistically tested (Student’s t) with those given by the Nahas spectrophotometric method 
which have been proved to be certainly reliable by other researches. The results obtained by 
the two methods agreed quite closely. The determination of the A.O.S. in vivo with Waters 
X-80A oximeter is therefore a reliable method which may prove very useful for research 
and for investigations on respiratory function at rest and during the work in lung-diseased 
patients for legal and insurances purposes. 

AvuTHors’ SUMMARY 


HeEMopYNAMIC CHANGES INDUCED BY Hypoxia IN PNEUMOCONIOTIC PATIENTS: OBSERVATIONS 
on Levy’s Test. F. Gospato, G. Segui, G. ZaGAResE, and A. Berra. Med. lavoro 50:273- 
285 (April) 1959. 

Circulatory response to hypoxia in patients with pulmonary silicosis was analyzed after 
inhalation of low oxygen mixtures (10% oxygen in nitrogen) for periods of 16 to 22 minutes. 
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The results showed that (a) during hypoxia there is a marked increase of cardiac output 
mainly due to increased frequency rather than to increased systolic output; hypoxia also 
induces a systemic arteriole vasodilatation with decreased peripheral resistence; (b) hemo- 
dynamic function is more sensitive in subjects with impaired respiratory function; (c) hypoxia 
test can be recommended not only to reveal a latent coronary disease in subjects with 
suspicious symptoms but normal ECG at rest, but it can also be used to visualize the ECG 
signs of an incipient right heart impairment in subjects with chronic pulmonary disease. 
AuTHors’ SUMMARY 


Occupational Diseases and Hazards 


LaporATorY StupY OF THE SoLuBILity oF Rep Leap Patnt 1n Water. D. A. Fraser and 

L. T. FarrHatt. Pub. Health Rep. 74:501-510 (June) 1959. 

The solubility of red lead powder and of lead from three types of red lead paint has been 
studied in a series of laboratory experiments. The effects of a number of variables were 
investigated separately. 

The solubility of purified red lead in distilled water was found by analysis to be 8.9107 
gm.-M. of PbsO, per liter (0.553 ppm) at room temperature. 

The uptake of lead by water standing in contact with oil base red lead paint varied with 
the length of time of contact. In an immersion period of six days, 11.2 mg. of lead per 
liter per 200 sq. cm. of surface dissolved from oil base paint, 0.70 mg. from phenolic base 
paint, and 0.11 mg. from vinyl base paint. 


The amount of lead dissolved by water in contact with oil base red lead paint varies 
inversely with the time of drying of the paint film. 

Repeated immersion tests indicated that the leaching is partly a surface effect, and the 
dissolution of lead tends to approach a constant value. 


Sodium hexametaphosphate causes a reduced rate of lead solvency in distilled water within 
the range of concentration of that used in treating public water supplies. At relatively high 
concentrations (greater than 15 ppm) there is an increased solubility of lead. 

Sodium hydroxide up to 25 ppm depresses the rate of solution of lead with all three 
types of paint. 

An increased hydrogen ion concentration up to pH 4 causes a pronounced increase in the 
rate at which lead is dissolved from the oil base as well as the phenolic and vinyl base 
paints. 


The nature of the material painted did not affect the lead solubility provided that no 
free metal was in contact with the water. 

Results obtained with water samples from eight localities, differing widely in chemical 
characteristics, indicated that such characteristics have a profound effect on the rate of 
solution of red lead from paint film. 

Of the three paints tested, the oil base paint was at least 10 times more soluble under 
the conditions of the test than either the phenolic or vinyl base paints. 

AuTHORS’ SUMMARY 


Tue DETERMINATION OF THE PARTICLE S1zE DISTRIBUTION OF AEROSOLS BY PRECIPITATION OF 

Cuarcep Partictes. V. G. Drozin and V. K. LAamer. J. Colloid Sc. 14:74-90 (Feb.) 1959, 

Previous methods for determining the particle size distribution of aerosols have involved 
counting the numbers and measuring the size, or some effects connected with size, of indi- 
vidual particles. When the size distribution changes with time, the process cannot be investi- 
gated because of the relatively long times required for such determinations. The method 
presented in this article is based on measuring macroscopic properties of a large number of 
particles. The electric current carried by a large number (about 10°) of particles charged 
in a corona discharge and precipitated in an electric field, when measured as a function of 
precipitation time is one such property. The number of charges acquired by particles is a 
single-value function of particle size. From the knowledge of this function and measured 
values of current, or accumulated charges, versus time, the size distribution curve can be 
determined. The entire procedure, including the necessary calculation, takes about 20 minutes 
and requires relatively inexpensive equipment. All experiments were carried out with particles 
in the submicron range, the most difficult at the present and the most important range. The 
size distribution of particles smaller than 0.24 radius could not be determined by this method, 
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since their charging follows another law. Theoretically, it is possible to overcome this diffi- 
culty, but further investigation will be needed. 
APCA Apsts. 


Use, StoraGe, AND DisposAL OF FLAMMABLE SoLvents. W. S. Woop. Indust. Engin. Chem. 

51:87A-88A (May) 1959. 

When handling of a dangerous compound or mixture of compounds becomes routine, 
normal care is relaxed and the way is open to accidents. The seriousness of the hazard is 
dependent upon the nature of the material handled. With flammable solvents, ordinary care 
is not enough. The term “flammable solvent” has come to mean many things besides hydro- 
carbon derivative. Today it means a liquid which is sufficiently volatile under the most severe 
ambient conditions to form vapor mixtures that will burn. A fair guide in judging the 
volatility of a liquid is its boiling point or range. An established criterion of flammability 
hazard is flash point. Common sources of ignition are often overlooked where flammable 
liquids are concerned. Flames and hot gases are obvious sources. Less common are steam 
lines, which will ignite carbon disulfide, electric coils and other hot surfaces, which will 
ignite solvents. Criterion for storage of volatile solvents is obvious—minimize the quantity. 
Should a fire occur under these conditions, it will be small and easily controllable. No satis- 
factory system for disposal of non-water-soluble solvents has been devised. One of the most 
practical methods is accumulation of all solvents in a single tank well removed from the 
operating areas. Frequently these tanks are buried underground and are periodically pumped 
to stop processing or sold to reclaiming companies. Generally, solvents should not be poured 
into sinks except when they are water-soluble and can be flushed with plenty of co/d water. 
A number of serious accidents have happened in laboratories as a result of flushing with 
warm or hot water. 

Inpust. Hye. Dic. 


INDUSTRIAL ToxIcoLoGy Review: VANADIUM AND Its A. BurrerwortH. Risley- 
5006/90, United Kingdom Atomic Energy Authority, Industrial Group H.Q., Risley, 
Lanes, England, Aug. 7, 1954. 

The physical and chemical properties of vanadium are reviewed. Results are reported from 
studies on the metabolism, excretion, and toxic effects of vanadium in cats, rabbits, and rats. 
The clinical symptoms of vanadium poisoning in man are described. In all cases the tongue 
shows a greenish-black deposit and there is marked tremor of the fingers and arms. Results 
are summarized from a study of the clinical picture of 19 suspected cases among workers 
in a metallurgical plant. Urinalysis was found useful in confirming suspected cases when 
specimens were collected within 24 hours after exposure. No other laboratory test was found 
useful. Data on maximum permissible atmospheric concentrations are included. It is con- 
cluded that the elimination of the vanadium hazard is essentially a problem of dust control. 
It was also concluded that it is unlikely that work with vanadium carried out on a laboratory 
scale will present any hazard. 

NUucLEAR Sc. ApstTs. 


AGE AND SEx DIFFERENCES IN PurE-ToNE THRESHOLDS. J. F. Corse. J. Acoust. Soc. Am. 

31 :498-507 (April) 1959. 

In recent years there has been an increased emphasis on medicolegal problems involving 
the assessment of hearing loss due to noise exposure. One of the attendant difficulties, how- 
ever, has been the problem of separating the factors of noise exposure and of age as con- 
tributors to hearing disabilities. The present study was performed to determine the normal 
thresholds of hearing for pure tones for an age-stratified sample of subjects drawn from 
a population exposed to minimal levels of industrial noise. Audiometric measurements from 
250 to 8000 cps were made on a total of 500 subjects divided into four age groups: 17 to 
24, 26 to 32, 34 to 40, and 43 to 49 years, inclusive. The results of this study indicate that, 
in general, only minor differences (less than 5 db.) exist between the average thresholds of 
right and left ears, but that women have more sensitive hearing than men and show less 
intersubject variability. This sex difference is independent of age and is more marked at the 
higher frequencies. For both men and women, there is a decrease in hearing sensitivity with 
increasing age and a progressive spreading of the loss from the higher to the lower fre- 
quencies. Men are more affected than women, with the hearing loss occurring at an earlier 
age and producing a greater degree of auditory impairment. The threshold curves of the 
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present study are considered to yield a more valid estimate of the “pure” effects of age on 
hearing than previously available. It is recommended that future audiometric standards be 
specified independently for men and for women according to particular age levels. 

Invust. Hye. Dic. 


OccuPATIONAL DisEASE Due To HEXAMETHYLENEDIAMINE. G. GALLO and L. GHIRINGHELLI. 
Med. lavoro 49 :683-689 (Nov.) 1958. 


Hexamethylenediamine concentration in the air was determined in a plant for the synthesis 
of this compound for the hydrogenation of adipic nitryl and in a plant for the production 
of the same compound for hydrolysis of nylon shreds. Under normal conditions the observed 
values were 2 mg./cu.m. in the first plant and 5.5 mg./cu.m. in the second. During autoclave 
discharge in the adipic nitryl hydrogenation plant and during autoclave filling in the shreds 
hydrolysis plant, the average concentrations were 32.7 mg./cu.m. and 131.5 mg./cum., re- 
spectively. Twenty workers from these plants were examined: eight showed a moderate 
irritation of the conjunctivae and upper respiratory tract; seven complained of dyspeptic 
trouble. One worker suffered from acute hepatitis followed by an eczema due to hypersensi- 
tivity to hexamethylenediamine, while conjunctival and upper respiratory tract irritation was 
attributed to hexamethylenediamine inhalation. Blood tests and other laboratory tests on the 
above workers gave normal results. It is concluded that hexamethylenediamine, although highly 
caustic, has low toxicity because its vapors are rapidly neutralized by the carbon dioxide of 
the air, with formation of hexamethylenediamine carbamate, a stable nonirritating salt. 
Inbust. Dic. 


BerytyiuM Disease: A Review or Current KNow cence. H. L. Harpy and L. B. Tepper. 

J. Occup. Med. 1:219-224 (April) 1959. 

It is to be emphasized that beryllium disease is a systemic intoxication and not a pneu- 
moconiosis. The final word regarding its clinical character, course, prognosis, and treatment 
has not been said, and new data are constantly being collected. The diagnosis of beryllium 
poisoning rests upon the establishment of beryllium exposure, the presence of beryllium in 
body fluids or tissue, and the demonstration of consistent histopathological findings. The 
clinical and radiologic pictures are so protean that they, together with the beryllium patch 
test, supply corroborative rather than diagnostic evidence. Because of the delay in the onset 
of beryllium disease after exposure and as a result of the expanding uses of beryllium and 
its compounds, physicians concerned with occupational etiologies need to remain aware of the 
causes, course, and therapy of this granulomatous man-made disease. 

AutHors’ CONCLUSIONS 


STUDIES ON THE ACTION OF QuUARTZ-CONTAINING MILLIPORE MEMBRANE CHAMBERS INTRO- 
pUCED SUBCUTANEOUSLY IN Rats. B. Pernis, E. Ciericr, and I. Guezr. Med. lavoro 

49 :672-681, 1958. 

In order to collect further information on the solubility theory of silicosis, perspex 
chambers with millipore 0.34 membranes were introduced surgically into the subcutaneous 
tissues of the abdominal areas of rats, some of the chambers containing 50 mg. of fine quartz 
dust. After seven months, the tissues around the chambers were examined. No differences 
were noted between the reactions to quartz-containing and quartz-free chambers. About 8% 
in weight of the original amount of quartz in the chambers had dissolved during the seven 
months and the chambers had been freely penetrated by interstitial fluids. Carbohydrates, 
hexoses and hexosamines, and proteins were adsorbed from these fluids onto the quartz 
particles. It is believed that the results of this experiment tend to disprove the theory that 
soluble silica, either monomeric or polymerized, is the causative agent of silicosis. 


APCA Assts. 


CriticAL EvALUATION OF AUDIOMETRIC FotLow-Up Tests 1n INpustry. F. Bartt. Noise 

Control 5 :43-46 (July) 1959. 

In order to optimize the time spent on industrial audiometric testing, a combination of 
the screening and threshold method is recommended as a follow-up test in industry. It is 
felt that either procedure, by itself, is inadequate. 

First, screening is performed at 500, 1,000, 2,000 and 4,000 cps at the 15 db. level. If the 
workman hears the signal at this level his hearing is considered normal. If he does not 
respond to the signal, a threshold determination is performed. 


Epiror’s SUMMARY 
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Sensori-Moror PERFORMANCE UNDER VARYING Notse Conpitions. J. V. GriMAtpr. Ergo- 

nomics Vol. 2, No. 1 (Nov.) 1958. 

A group of subjects performed a task in quiet and noisy environments. The noise was 
intermittent, within the frequency range of 75 to 9,600 cycles and at sound levels of 70, 80, 
90, and 100 db. The study was experimental but simulated an occupational situation. 

There was a tendency for more errors and less precision when working in the noisy 
environment. Response times were slower and the number of errors greater than when noise 
levels and frequencies were highest. The frequency range of 2,400-4,800 cycles was associated 
with the slowest response time and largest number of errors, both at 90 and 100 db. 

It appears that intermittent noise may have a reducing effect on the individual’s capacity 
for quick and precise execution of coordinated movements. The implications for safety and 
certain production tasks seem obvious. 

AutHor’s SUMMARY 


EVALUATION OF THE HEALTH Hazarps INvoLveD IN House-SprayING witH DDT. H. R. 
Wo re, K. C. Wacker, J. W. Extiott, and W. F. DurHam. Bull. World Health Organ. 
20:1-14, 1959. 

The dermal and respiratory exposure of workers during house-spraying operations has been 
measured to find out the main factors affecting the exposure and to develop effective, ac- 
ceptable protective measures and clothing. Dermal exposure was found to be much greater 
than respiratory exposure. The major factors affecting exposure with a single concentration 
of formulation appeared to be spray-pump pressure, height of area being sprayed, and 
absorbency of surface. Temperature, type of formulation, and nozzle size had little or no 
effect on exposure. A plastic cape, a hard hat with a plastic visor, and rubberized gauntlet 
gloves gave a fully clothed man almost complete protection from dermal and respiratory 
exposure. A tropical helmet equipped with a plastic-netting veil is proposed for field testing. 
This equipment gave good protection of the shoulders, back, and chest and excellent protection 
of the face and neck. 

Pus. ENGIN. ABsts. 


PNEUMOCONIOSIS IN LORRAINE IRON OrE Miners. P. Sapout, R. SENAULT, C. MACcINoT, 
N. AvBERTIN, and J. GurLLerM. Rev. prat. 8:1505-1509 (May 11) 1958. 

This is a balanced account of siderosis in the iron-ore miners of Lorraine. The authors 
review the history, radiological classification, clinical and functional aspects, and morbid 
anatomical features of the condition. An analysis of 575 cases indicates that siderosis occurs 
only after long exposure to dust, 50% of the cases having had an exposure of over 25 
years and less than 5% one of under 15 years. The common association of chronic bronchitis 
and emphysema, which is poorly related to the x-ray category of pneumoconiosis, is noted 
and the liability of siderosis to lead to cor pulmonale (though it did so in less than 5% of 
this series) is mentioned. There appears to be no undue tendency to pulmonary tuberculosis. 
In conclusion, the authors consider that it is illogical to exclude siderosis from the list of 
compensable pneumoconioses, as is at present the case in France. 

Buty. Hye. 


Some Nores ON THE ErFects OF Excessive NOISE ON THE HEARING OF A GrouP OF WoRKERS. 

G. F. Keatince and S, Laner. Brit. J. Indust. Med. 15:273-275 (Oct.) 1958. 

Noise measurements in a group of riveting and metal-fabricating shops showed that the 
workers were exposed to sound pressure levels ranging from 115 to 128 db. with peak in- 
tensities occurring in the frequency range 1,000 to 2,000 cps. 

Pure-tone audiometry was carried out on two groups of workers aged 40 or less, the 
age selection being made to minimize the complicating factor of presbycusis. One group, 
comprising 20 subjects, had not been exposed to intense noise for any appreciable length of 
time, and the other group, totaling 63 subjects, had been exposed to the noise in the workshops 
for periods up to seven years. The findings for both groups are expressed in terms of a 
percentage rating for speech-hearing loss, 

On this basis, the results are interpreted as indicating that the greatest speech-hearing 
loss occurs during the first three years of exposure and that after this period the rate of 
deterioration of hearing is reduced. In fact, workers with six and seven years’ exposure are 
shown to have a speech-hearing loss less than those with three to five years’ exposure. It is 
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suggested that the adoption of ear-protective devices is of little value if the worker has 
already been exposed to intense noise for a period of three years. 
(As it was apparently not possible for the audiometry to be carried out before noise 


exposure began each day, it is probable that temporary deafness effects have influenced the 
results. ) 


The audiometry is interpreted in terms of a speech hearing loss, derived from the measured 
air conduction losses at 512; 1,024; 2,048, and 4,096 cps, the middle two frequencies being 
given a weighting more than double that given to 4,096 cps. The latter frequency is, of course, 
that at which the greatest occupational hearing damage normally takes place. The interpre- 
tation of the audiometry might have been somewhat different if hearing damage rather than 
capacity to hear speech had been used as the criterion. 


The implications of the hypothesis put forward are so important that, as the authors 
admit, further evidence should be obtained before it is accepted. 


Butt. Hye. 


ARSENICAL PERIPHERAL NEUROPATHY. T. Beritic and V. Ivacic-BonaceK. Arhiv Hig. Rada 
i Toksikol. Vol. 9, No. 3, 1958. 


Three cases of peripheral neuropathy caused by arsenical intoxication are reported. The 
acute symptoms of nausea, vomiting and diarrhea appeared in two patients one and two 
hours, respectively, after suicidal ingestion of white arsenic. A history of nausea and vomiting 
was also obtained in the third patient, but neither the patient nor his physician associated 
these symptoms with exposure to arsenic; no source of arsenical poisoning could have been 
determined in this patient. In two cases symptoms of peripheral neuropathy were noted one 
week after the (presumptive) exposure and in the third six weeks after ingestion of arsenic. 
The onset of neurologic manifestations was characterized by the appearance of muscle cramps 
and of numbness in the feet and lower legs, later also in the hands. Within a few days of 
the onset of sensory symptoms, weakness developed in the feet and legs. Sensory disturbances 
in the hands, feet and legs showed a symmetrical stocking-glove distribution. The loss of 
vibratory and position sensations was also noted. All three patients had evidence of foot 
drop, and two of them were unable to walk. The tendon reflexes at the ankle and knee were 
absent in all three patients. 


Other signs of arsenical poisoning were also found: typical Mees’s lines; soft, pitting 
edema of the legs, and, in two cases, leukopenia with eosinophilia. High levels of arsenic were 
found in the hair of two patients (including one with no known exposure), while in one 
no analyses for arsenic were carried out. The patients were treated with BAL (2,3-dimer- 
captopropanol) but failed to show any evidence of rapid improvement or any accelerated 
recovery of sensory and motor function. Moreover, in one patient peripheral neuropathy 
developed in spite of early and adequate BAL therapy for acute arsenical poisoning. A 
delayed onset of neurologic manifestations in this patient (six weeks after ingestion of 
arsenic) might well be the only beneficial influence attributable to BAL therapy. 
AuTHoRS’ SUMMARY 


IMMUNOCONGLUTININ IN CiLicotic Patients. B. Pernis, G. GAMBINI, and M. Finuttr. Med. 

lavoro 50:250-256 (April) 1959. 

Immunoconglutinins may be considered, after Marks and Coombs (J. Hyg. 55:81, 1957) 
as autoantibodies directed against the organism’s own complement; they are produced, as a 
secondary immune reaction, when antigen-antibody reactions with fixation of complement 
take place in vivo, Therefore the serum immunoconglutinin level is somehow related to the 
general immunological activity of the organism. Marks and Coombs write that if in any 
particular disease of unknown origin a constantly raised level of immunoconglutinin was 
found it would indicate that an antigen-antibody interaction was involved in the etiology. 


The authors have determined the immunoconglutinin level in the serum of 66 patients 
with active silicosis and without associated iniection: In 88% of these cases this level was 
above the upper normal one of 1:4, and almost one half of the cases had titers ranging 
from 1:32 to 1:128. This distribution of immunoconglutinins among silicotics is similar to 
that found by Marks and Coombs in cases of active rheumatoid arthritis and is a further 
support of the role played by immunologic reactions in the pathogenesis of silicosis as assessed 
by previous research work of Vigliani and Pernis (1958). 


AutHors’ SUMMARY 
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EXTRACTION OF LEAD FROM LeaAp-GLazep Porrery. D. Duric. Arhiv Hig. Rada i Toksikol. 
Vol. 9, No. 3, 1958. 

Lead-glazed pottery is widely used in this country and is responsible for numerous lead 
poisonings both among peasants and town people. In a series of cases the analysis of the 
content of lead-glazed pottery and the test of extraction with acetic acid were carried out. 
The results are discussed as regards the factors influencing lead extraction. Special attention 
is paid to the influence of temperature, pH, and the effect of various organic and inorganic 
acids. It is pointed out that lead-glazed pottery should not be used for storing any food or 
drink containing organic acids, nor should such a content be warmed up or boiled. 

AutTHor’s SUMMARY 


Mercury HAzarps IN BREWERY FERMENTATION Workers. A. BruusGAArpD. Arhiv Hig. Rada 
i Toksikol. Vol. 9, No. 3, 1958. 


A reported case of mercury poisoning in a fermentation worker at a brewery was followed 
by a country-wide survey on the unexpected mercury hazards in this occupation. 

The mercury source in this connection is the usual bunging apparatus on each tank used 
for storing the beer for after-fermentation. The U-shaped apparatus is filled with large 
amounts of mercury. The carbon dioxide escapes by bubbling freely through the mercury, 
sometimes with such violence that mercury is sprayed out. 

High mercury air contamination, up to 10 times the threshold limit value was measured, 
and urine analysis of mercury showed that 31% of the values were about 200yg. per liter 
of urine and 3% over 1,000ug. per liter. No further case of mercury poisoning was unveiled 
among 135 workers in 19 breweries. 

The survey shows that mercury can be a real hazard and is at least to be considered as 
a potential hazard in the after-fermentation cellars in breweries. High urine values of 
mercury can be tolerated for a considerable time without any clinical effect. 

Preventive measures are mentioned. 

AutHor’s SUMMARY 


CLINICAL OBSERVATIONS ON THE EFFECT OF LEAD ON THE Kipney. Z. RaAposevic, M. Saric, 


Jevica Knezevic, and T. Berttic. Arhiv Hig. Rada i Toksikol. Vol. 9, No. 3, 1958. 

The problem of the toxic effect of lead upon the kidney, in spite of numerous studies, 
has not as yet been fully solved. The report presented deals with the clinical observations 
of 54 lead-poisoned patients. Lasting kidney changes in the form of chronic, progressive, 
and diffuse nephropathy were observed in only two patients with an exposure to high lead 
concentrations during a period of 20 to 35 years, respectively, and repeated lead poisonings. 
These two patients had no history of previous kidney disorders, and kidney injuries pro- 
gressed with repeated lead poisonings. It may, therefore, be assumed that the lesions observed 
were due to lead action. Twenty-four patients showed functional kidney alterations which 
were proved by the test of urine concentration, the phenosulphthalein test, the urea clearance 
test, and the urea value in the blood. Urine showed no abnormality in these cases. 

In the authors’ opinion these functional changes mostly consist in altered intrarenal 
circulation due to the spastic effect of lead upon the tubules. The injuries of partial renal 
functions were as a rule reversible. 

In only six patients the blood pressure was increased. Two patients with hypertension 
were those with progressive organic nephropathy. It seems most probable that in these two 
cases hypertension was nephrogenic in character. In one case high blood pressure was of 
the type of essential hypertension, but the relation between lead poisoning and hypertension 
in this case cannot be assumed with certainty. In other three patients hypertension was 
transitory in type, lasting only during the acute manifestations of lead poisoning. 

Functional kidney alterations tend to change according to the natural course of the disease. 
This is why it is not the same in which phase of the poisoning functional kidney tests are 
carried out. If this fact is neglected, divergent and contradictory results may be obtained. 

On the basis of these clinical findings the authors conclude that lead exposure and lead 
poisoning may cause kidney injuries. However, these changes are not uniform and cannot 
therefore be considered a clinical and nosologic entity usually called nephropathia saturnina. 
In the exceptional cases of a very long and high exposure to lead and repeated poisoning, 
progressive organic kidney changes may be expected. Otherwise, possible renal alterations 
and changes in the blood pressure are functional and reversible. 

AutTHors’ SUMMARY 
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PREVENTION AND TREATMENT OF LEAD-POISONING WITH THE Use or ComptLexes. S. Esta- 
DELLA Borna, S. Quer Brossa, and E. Fornetts Martinez. Med. y seguridad trabajo 
6:43-51 (Jan.-March) 1959. 

The calcium-disodic salt of the ethylendiaminotetra-acetic acid is at present the therapy 
selected in the treatment of lead poisoning in all its forms. 

Its slight toxicity and good tolerance means that its use does not entail great difficulties 
in the therapeutical aspect in industrial circles. 

Its pharmacological characteristics make it suitable as a preventive therapy of wide range. 
Duly controlled, it may be maintained for a long period. 

Consequently, the absenteeism due to the toxic effect from the professional contact with 
lead remains at a minimum and the productivity figures increase. 

In view of the fact that the recovery of the intoxicated, besides being greater in number, 
is real, definitive, and absolute, this therapy is to influence in a decisive way the diagnosis of 
lead poisoning from the point of view of the definition of the illness as a professional one, 
subject to indemnity. 

AutTHorS’ SUMMARY 

REHABILITATION OF HEMIPLEGICS, DuE TO TRAUMA oR CHRONIC ILLNESS. M. BLANCO ARGUEL- 
Les. Med. y Seguridad Trabajo 6:24-29 (Jan.-March) 1959. 

The statistics show that 90% of the hemiplegics may learn to help themselves and 30% 
may again perform useful activities. By means of well-directed rehabilitation programs great 
benefit may result for these disabled. The general rules for a program of this kind are 
explained, specifying the appropriate plan for each symptom of the patient. 

AutHor’s SUMMARY 


Industrial Toxicology 


THe Toxicity oF HicHty Dispersep oF CADMIUM Oxipe. E. A. Met’ NIKova. 

Farmakol. i Toksikol. 21:179-84 (March-April) 1958. 

Experiments were conducted on rats to investigate the toxicity of industrial cadmium 
dust with regard to acute and chronic exposures. The animals were exposed to cadmium 
oxide aerosols in a toxicological chamber. On single exposures of animals to cadmium oxide 
concentrations of 0.013-0.018 mg. per liter it was noted that disturbances of conditioned reflex 
activity preceded other symptoms. Such disturbances were still reversible to some extent. 
Repeated exposures of animals to 0.0018-0.002 mg. per liter led to disturbances of con- 
ditioned reflex activity without manifestations of changes in the general condition or behavior 
of the animal. It was concluded that disorders of conditioned reflexes in animals are analogous 
during acute or chronic toxic states. Changes in chronaxy, however, are different. In the 
acute toxic episodes, the chronaxy was affected prevalently in the extensor group; in cases 
of chronic poisoning, flexor group chronaxy was altered. The possibility of a reverse develop- 
ment of pathological conditions of the central nervous system must be regarded as evidence 
of the functional character of part of the pathological changes. However, the slow course 
of this reverse process may be an indication of the presence of irreversible, morphological 
changes in the nervous system. In formulating requirements of permissible levels of cadmium 
oxide concentrations in the air, consideration must be given to the fact that, at lower atmos- 
pheric cadmium concentrations, functional changes arise more frequently than morphological 
changes. Therefore the threshold concentration, as established on rats should be less than 
0.0018 mg. per liter. 

APCA Apsts. 
DIMETHYL SULFATE AND CATALASE. L. GHIRINGHELLI and G. Srront. Med. lavoro 49 :690-693 

(Nov.) 1958. 

In experiments aimed at trying to ascertain in what way dimethyl sulfate exerts its toxic 
action, the authors studied its effect on the blood catalase in five guinea pigs which were 
exposed to a concentration of 75 ppm (only slightly less than LDs) for 20 minutes in an 
8-liter box through which air was pumped at the rate of 85 liters per hour. Blood was 
taken from the animals before the test and at various intervals afterwards. The results showed 
that dimethyl sulfate does not inhibit the activity of blood catalase. In a second series of 
experiments a constant quantity of crystallized catalase was tested against a varying amount 
of dimethyl sulfate. Here even in heavy doses catalase activity was not inhibited nor was 
the absorption spectrum altered. 

Inpust. Hye. Dice. 
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ACTION OF TRICHLORETHYLENE ON SERUM PROTEINS AND Lipips: Stupy IN 18 SuByJEcTs 
WorKING IN A PoLLuTED ATMOSPHERE. C. GUYOTJEANNIN and J. VAN STEENKISTE, with 
the technical collaboration of G. VALLEE, J. Le Lay, and A. Pauttn. Arch. mal profess. 
19 :489-494 (Sept.-Oct.) 1958. 

The literature on the toxicity of trichlorethylene has been concerned more with acute than 
with chronic poisoning. The work described in this paper consisted of chemical examination 
of the blood sera of 18 workers who had been exposed to an atmosphere polluted with 
trichlorethylene vapor, for periods of months or years, in order to study the possible effect 
of the solvent on the liver. 

The methods employed to examine the sera are described in some detail, and the numerical 
results of the analyses are set out in two tables. The chief tests were flocculation tests of 
liver function, electrophoretic analysis of protein fractions, tocal lipid content, analysis of 
lipid fractions, and unsaturated fatty acid content. 

It was found that the liver function tests mostly gave nurmal results and only rarely 
weak positives. A fairly marked increase in the £-globulin fraction was demonstrated. Various 
departures from the normal in the amounts of total lipids and lipid fractions were noted 
frequently, which points to disturbances of lipid metabolism in these workers exposed to 
trichlorethylene. 

Butt. Hye. 


VANADIUM AS AN INDUSTRIAL Porson. I. V. RoscutscHin. J. Hyg. Epidemiol. Microbiol. 

& Immunol. 2:492-501, 1958. 

This paper contains a clear, informative account of the industrial hazards of exposure to 
vanadium which is based on the literature and the author’s experience. Vanadium, which 
is present as salts and oxide in the earth’s crust in an estimated concentration of 0.016%, 
i.e., higher than those of lead, zinc, and antimony, is not found in deposits but in minute 
amounts in other minerals, in water, and in plants and animals, including man. It is being 
used to an increasing extent in a variety of industrial processes, and hence its toxicity to 
man is becoming more important. 

In industry the metal may contaminate the atmosphere as finely divided dust, vapor, or 
aerosol of vanadium pentoxide; sodium, ammonium, and calcium vanadate, or ferrovanadate 
(an alloy of iron and vanadium). Sections of the paper deal with the working conditions 
in factories where vanadium is used, the toxic effects of vanadium on workers, toxicity 
studies in experimental animals, and the prevention of vanadium poisoning. 

Observations in industrial workers and in the animal experiments show that the main 
toxic effects of vanadium are (1) its irritant action which causes hypersecretion from mucous 
membranes, salivation, lacrimation, sneezing, coughing, and vomiting and (2) its action 
on the vascular system in causing stasis in the capillaries, perivascular swelling, and local 
hemorrhages. There may also be bronchial spasms or bronchitis of asthmatic character. 
Vanadium is absorbed from the lungs into the blood and may cause toxic effects in the heart, 
nervous system, and the general metabolism. Excretion of vanadium, which is slow, is by 
urine, feces, bile, bronchial secretion, tears, and saliva. 

The most toxic of the vanadium compounds is the pentoxide, and the least harmful is 
ferrovanadate. It is recommended that the concentration of vanadium in industrial atmospheres 
should not exceed 0.0001 mg. per liter of air. 

Butt. Hye. 


THe APPLICATION OF THE DIFFUSION-CHAMBER TECHNIQUE TO THE Stupy oF SILICOSIS. 

R. C. Curran and E. V. Rowse t. J. Path. & Bact. 76:561-568 (Oct.) 1958. 

The paper describes experiments made to test the solubility theory of silicosis. 

Fibrogenic and inert dusts were enclosed in capsules with porous membranes of pore size 
below 0.454 or below 0.1~ and implanted subcutaneously into mice and guinea pigs and 
intraperitoneally into mice. At monthly intervals up to seven months after insertion the 
capsules were removed, sectioned, and examined for tissue reaction, especially for production 
of collagen at the outside of the membrane. 

Usually each animal received two capsules, one with 5 or 10 mg. of a fibrogenic dust 
(tridymite or quartz), one with a similar dose of an inert dust (felspar or carbon black). 

A few capsules showed a very strong reaction which could be seen to be due to coccal 
infection, Sterile capsules showed uniformly a minimum reaction irrespective of the nature 
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of the dust or the length of time in the tissues. These observations are shown in illustra- 
tions. More than 50 negative results were obtained. In ancillary tests it could be proved that 
the membranes were freely permeated by silica and protein solutions and that in fact silica 
was lost from the capsules after two and three months. The membranes acted only as a 
barrier between cells and dust particles, and as no reaction was observed the authors draw 
the conclusion that contact of fibrogenic dust particles with cells is necessary to bring about 
the tissue reaction characteristic of silicosis. This is opposed to the silica solubility theory, 
according to which dissolving silicic acid causes the fibrosis; it is also opposed to the view 
that proteins of the extracellular fluids, denatured by contact with quartz, cause fibrosis 
(Bull. Hyg. 29:634, 1954). 

Butt. Hye. 


ENzyME CHANGES IN BENzoLIsM. S. Gapor. Med. lavoro 50:257-263 (April) 1959. 


Chronic benzol poisoning was induced in 25 white rats by inhalation for 130 days at the 
concentration of 0.1 mg. per liter, for 28 days at 1.0 mg. per liter, and for 7 days at 2.5 
mg. per liter. Blood pictures were studied (leukocytes, red blood cells, Hb, leukocytes dif- 
ferential count) and the following enzymes were determined: leukocytic peroxidases, blood 
catalasis, leukocytic indophenol-oxidase. Changes in the activity of these enzymes appear 
early (after 42 days of exposure to benzol) and are therefore a sensitive index which can 
be more easily interpreted than blood changes. The antagonism between catalases and perox- 
idases is considered as the most important index, as it shows the changes in oxidoreductions 
in the early stages of the poisoning. 


AuTHor’s SUMMARY 


Medicine and Surgery 


THE VALUE oF C-REAcTIVE PRroTeEIN ESTIMATION IN SILICOSIS AND SILICOTUBERCULOSIS. E. 

Morett1, G. Costa, and G. Paoxt. Lotta contro tuberc. 28 :851-859 (Aug.-Sept.) 1958. 

The authors estimated the C-reactive protein and the erythrocyte sedimentation rate in 
289 subjects with various forms of silicosis or silicotuberculosis; in most cases, the C-reactive 
protein test was positive at high titer in cavitated or exudative silicotuberculosis, positive at 
medium titer in silicosis associated with miliary tuberculosis and in the conglomerate form, 
but mostly negative in nodular and reticular silicosis. They discuss the significance of these 
results and conclude that the test can be used in differential diagnosis of these forms in 
addition to other diagnostic procedures. 


Butt. Hye. 


VASCULAR CHANGES IN PULMONARY SILICOSIS: PERIVASCULAR SiLicotic Noputes. M. Mos- 

INGER. Arch. mal. profess. 18:776-781 (Nov.-Dec.) 1957. 

Many observers have recorded the occurrence of pathological lesions in the pulmonary 
blood vessels in cases of silicosis. Consideration of these changes is important in relation 
to cardiac manifestations in patients suffering from silicosis. A careful study of these vascular 
lesions was carried out in 12 cases of human silicosis. A variety of changes, classified in six 
groups, were observed in the arteries and veins, involving the various coats of the vessels 
separately and in combination. Some silicotic nodules started outside the vessel, which they 
ultimately surrounded completely. Vascular lesions do not always accompany silicosis, and 
cor pulmonale is not dependent on their presence. 


Butt. Hye. 


Test FoR UrtnARY LEAD ExcreTION INDUCED BY AN AEROSOL oF CaNasEDTA: Possrptuity 
or Propuytactic Use. C. ALBAHARY, R. TruHAut, and C. Boupéne. Arch. mal. profess. 
19 :485-487 (Sept.-Oct.) 1958. 

In this short paper the authors give some account of conditions in an accumulator factory 
where ventilation was unsatisfactory and considerable amounts of lead dust were found in 
the atmosphere at different points. In an examination of 13 of the workers it was found 
that 11 of these had various degrees of punctate basophilia. A special investigation was made 
of six of these men who volunteered for the study of the effect of the inhalation of an 
aerosol of CaNasEDTA on their urinary excretion, The findings are set out in a table which 
gives numerical data of the blood and the urinary lead content before and after the aerosol 
treatment. The aerosol treatment was repeated two months later. It was found that the 
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aerosol treatment on the first occasion increased the urinary lead excretion from three- to 
thirtyfold and that the second treatment was followed by similar though not identical increases. 

In the discussion it is suggested that, although inhalation of CaNasEDTA is not a suitable 
method of therapy in plumbism, it might be of value as a prophylactic for workers exposed 
to lead risk. The small amounts of the versenate inhaled are not likely to cause any trouble, 
but the possibility that prolonged administration might result in undue elimination of metallic 
ions other than lead is realized. 

Butt. Hye. 


THE HistoLtocGicAL DEMONSTRATION OF SILIcoTIC TISSUE IN THE SPUTUM IN CAVITATING 

SILICOTUBERCULOSIS. H. GRAVENKAMP. Beitr. Silikose-Forsch. 52 :1-16, 1958. 

The paper describes the first results of an attempt to confirm the presence of silicosis 
together with actively progressing tuberculosis by sputum investigations. The method used 
was to centrifuge the sputum after adding formalin and sublimate, to dehydrate the sediment, 
embed it in paraffin, and to stain it by the Van Gieson method. A number of illustrations 
are given which show pieces of silicotic hyaline tissue with areas of necrosis, pigmentation 
by carbon, and leucocytes. Repeated investigations of material from the same patient may 
be required, as sometimes a positive result was preceded by up to three negative tests. 

A comparison of histological sputum analyses with clinical observations and working 
histories showed reasonable agreement, although there were sputum-negative cases of what 
was later confirmed by autopsy to be silicosis. 

The case of a woman is described in detail who had worked in the ceramic industry and 
was treated for tuberculosis. The x-ray had shown cavitation but no obvious silicosis. While 
in hospital, this patient produced a piece of tissue in the sputum which was identified by 
the author as a silicotic lesion and as a consequence the patient obtained compensation for 
silicosis. 

It is concluded that while negative results do not prove the absence of silicosis, . positive 
results can be of diagnostic value in the hands of experienced pathologists, and a more 
general use of the technique is recommended. 


Butt. Hye. 


PATHOGENESIS AND PREVENTION OF DECOMPRESSION SICKNESS IN AIRMEN: II. INFLUENCE OF 

Narcotic AND SEDATIVE AGENTS ON THE FORMATION OF INTRAVASCULAR GAS BUBBLES 

IN EXPERIMENTAL Stupies. O. WuNscHe. Internat. Ztschr. angew. Physiol. 17 :303-315, 

1958. 

In the study of the pathogenesis of decompression sickness the variability in the localiza- 
tion, intensity, and latent period before onset of the symptoms present a problem which 
cannot be solved satisfactorily from a knowledge of the etiology of the condition. For this 
reason it is suggested that investigation of the part played by exogenous factors, such as 
muscular activity or trauma, and the endogenous factors, such as individual constitution or 
disposition, may throw light on the problem. The author of this paper describes and dis- 
cusses some of the relevant literature on the importance of these factors in decompression 
sickness and presents the results of his own experiments on rats. In these investigations the 
animals were submitted to rapid decompression after having been given a narcotic or sedative 
and the formation of intravascular gas bubbles was then compared with that of control 
untreated rats. The results are set out in figures and a table gives a list of the different 
drugs which were administered. It was found that with certain exceptions the narcotic or 
sedative treatment brought about a lessening of gas bubble formation as a result, it is stated, 
of the altered metabolism produced by the medication. 


Butt. Hye. 


OccuPATIONAL DERMATITIS OF CEMENT WoRKERS AND SENSITIVITY TO BICHROMATE. D. Pery- 
Assu, E. B. Necretros, and L. P. DeCarspatuo. Rev. Assoc. med. Minas Gerais 8:217- 
221 (Sept.-Dec.) 1957. 

Cases of dermatitis in cement workers were investigated. The condition was a vesicular 
dermatitis of rather multifarious aspect affecting especially the hands, forearms, dorsa of 
the feet, legs, and knees, which regressed if the patient stopped handling cement. Thirty 
cases of occupational dermatitis which had been classified as dermatitis vesiculosa were studied. 
Fourteen patients were masons, six were plasterers, and all the rest had had to work with 
cement at times. All were patch-tested with 0.5% bichromate and also with 10% lime and 
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with some local varieties of cement, and reexposure tests were made on 19 who returned 
to work. The results were (a) 29 positive to bichromate, (b) 25 positive to cement. The 
patients’ ages varied from 22 to 66 years, the length of time in their present occupation 
from 2 to 40 years, and the onset of the disease varied from 20 days to 20 years after 
starting work. Seventeen of the nineteen reexposure cases showed frank intolerance with 
rapid reappearance of symptoms. White persons were more susceptible than those with more 
colored skins, and the incidence was independent of age and length of time at work. 

The authors conclude that masons’ eczema is an allergic condition but there is some 
hypersensitivity to bichromate. The race factor is important. 


Butt. Hye. 


Community Air Pollution 


SYMPOSIUM ON THE CLEAN ArR Act, 1956: TECHNICAL Factors IN Its IMPLEMENTATION. 
A. Parker, W. J. Dickie, and J. GraAHAM. Roy. Soc. Promot. Health J. 79:279-304 
(May-June) 1959, 

A symposium consisting of three papers evaluating the effectiveness of The Clean Air Act 
of 1956. The papers present the views of national government, industry, and local authority. 
Inadequacies as well as strengths of the Act are carefully considered. 

Eprror’s SUMMARY 


Ark Errects oF IrrapIATED Auto ExHAust AS RELATED TO FuEL CoMPOSITION. 
E. R. StepHens and E, A. Scouckx. Chem. Engin. Prog. 54:71-77 (Nov.) 1958. 

Results of these experiments indicate that replacement of the present Basin mix (15% 
olefin) with nonolefinic fuels would not markedly reduce eye irritation from automobile ex- 
haust. However, replacement with a high olefinic (ca. 50%) fuel would increase eye irritation. 

Since the peak zone values were independent of the type of fuel used, ozone levels in the 
Los Angeles area would not be affected by a change in fuel composition. 

That portion of the atmospheric aerosol produced photochemically from automobile exhaust 
would be decreased by use of a low-olefin, low-sulfur fuel. 

Eye irritation, visibility reduction, and ozone formation are affected as much by differences 
in automobiles as by differences in fuel composition. 

Pus. HEALTH ENGIN, ABsTs. 


THE AVERAGE S1zE OF SuBMIcRON Particies. T. A. Ricu. Internat. J. Air Pollution 1 :288- 

292 (April) 1959. 

The best criterion of the efficiency of air cleaning is the number of submicron particles 
remaining in the cleaned air. When a volume is to be maintained at a high level of cleanli- 
ness, it is not enough to filter particulates from the incoming air. The air may contain gases 
which can react later to produce particles within the volume or particles may be created 
by some activity within the volume. The number of particles in the air may be measured at 
any time with a photoelectric nucleus counter. The mass/particle counted may vary by a 
factor of 10° or more, and therefore a size spectrum is most desirable in evaluating the amount 
of contamination or in tracing the source of contamination. Particles resulting from gas 
reactions are usually in the 10 to 50 A range of radii, whereas leakage of unfiltered air pro- 
duces particles in the neighborhood of 300 A. A size spectrum is somewhat of a chore to 
obtain, but an average size can be obtained easily. The charge distribution on a population 
of particles follows Boltzmann’s law, and it is shown that an average size may be obtained 
by measuring the total number of particles and the number of uncharged particles. The 
uncharged particles are obtained by passing the aerosol through an electric field which is 
intense enough to pull all the charged particles out of the air stream. The relations between 
size of particle and the charge distribution are given in graphical form. The auxiliary appa- 
ratus needed for the determination of average size is shown. 

APCA Apsts. 


PuriFICATION OF EXHAUST GASES OF THE TOWER SuLFURIC ActID SysTEM IN EQUIPMENT OF 
THE VENTURI-TuBE Type. M. L. VArRLAMov, G. A. MANAKIN, and Y. I. STAROSEL’SKII. 
Zhur. priklad. khim. 31:172-179 (Feb.) 1958. 

Venturi scrubbers installed in spray towers for the removal of sulfuric acid mists and of 
nitrogen oxides from exhaust gases in sulfuric acid chamber-process plants were tested for 
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performance. The following results were obtained: (1) At a linear gas velocity of 30-75 
m. per second in the Venturi-tube throat and at a gas-to-liquid vol. ratio of 750-1,250, the 
hydraulic resistance of the tubes was 40-120 mm. HzO when water was used as an absorp- 
tion liquid. (2) At a concentration of about 10 gm. H.SO, per cubic meter of gas, the 
degree of absorption of HzSO, spray or mist approached 40%. (3) The relatively low degree 
of total purification of the exit gases may be attributed to the fact that the nitrogen oxides, 
which are the main cause of acidity in the exit gases, were not adequately absorbed. (4) The 
energy consumption in the purification system studied was found to be 5-6 kw. hours per ton 
of H2SO,. This equals 10%-12% of the energy required for the production of sulfuric acid 
in the chamber process. 


APCA Apsts. 


How to Core witH Arr Pottution. J. F. Conton. Chem. Engin. 66:114-124 (Aug. 10) 
1959. 

A hypothetical air-pollution problem involving a refinery operation in conjunction with an 
ancillary petrochemical plant is discussed by a panel including representatives of industry, the 
State Department of Health, and the general public. The article provides an excellent intro- 
duction to the conflicting interests encountered when dealing with a local air-pollution problem. 

Eprtor’s SUMMARY 


Detection of Air-Borne Contaminants 


DETERMINATION OF QUINQUEVALENT, TRIVALENT, AND ORGANIC PHOSPHORUS IN THE ATMOS- 

PHERE AND IN AQugous So_utions. R. May. Anal. Chem. 31:308-310 (Feb.) 1959, 

In a study of environmental contamination in a plant manufacturing intermediate com- 
pounds for the production of nerve gas (organophosphonates), a need arose for a method to 
determine low concentrations of orthophosphate and the trivalent and organic phosphorus in 
aqueous solutions. Such a mixture of phosphorus compounds resulted from the hydrolysis 
of phosphorus oxychloride, phosphorus trichloride, and organic phosphorus compounds dur- 
ing atmospheric sampling in the plant. Because of the highly toxic characteristics associated 
with organic phosphorus compounds it was most important to determine atmospheric con- 
centration of the organic phosphorus constituent. The amount of the three types of phosphorus 
compounds in a sample can be calculated from the differences in the quinquevalent phosphorus 
found in three separate aliquots: (1) without oxidizing and following, (2) hydrochloric acid, 
and (3) alkaline persulfate oxidation. 

Inpust. Hye. Dic. 


HypRocARBON CoMpouND-TyPE ANALYSIS OF AUTOMOBILE EXHAUST GASES BY MAsS 
SPECTROMETRY. D. M. Coutson. Anal. Chem. 31:906-910 (May) 1959. 

A method of hydrocarbon-type analysis of gaseous mixtures such as automobile exhaust 
gases is based on mass spectrometry. Mercuric perchlorate and perchloric acid on granular 
firebrick were used to remove olefins and acetylenes in the gas phase. The olefinic compo- 
nents were removed by taking an aliquot of the gaseous sample into the mass spectrometer 
through an absorption column packed with mercuric perchlorate-treated firebrick. By com- 
paring this spectrum with that of an untreated sample, a clean separation of the spectra of 
paraffinic and olefinic compounds could be made. The results are interpreted in terms of the 
hydrocarbon types—paraffins, cycloparaffins, mono-olefins, acetylenes, cyclo-olefins, and 
aromatics. 


Inpbust. Hye. Dic. 


ULtrAMicro DETECTION OF BeENzO(A)PYRENE IN THE AiR. E. Sawickt, T. STANLEY, T. R. 


Hauser, and R. Barry. Robert A. Taft Sanitary Engineering Center, Cincinnati, Ohio, 
1958. 


The following methods for the identification of benzo(a)pyrene in air and in the aromatic 
fractions of tobacco, smokes, and tars are briefly described: (1) melting point and mixed 
melting point determination of authentic benzo(a)pyrene, the applicability of which is still 
questionable; (2) ultraviolet absorption spectrography, a very useful method requiring simply 
a glance at the spectrum; (3) fluorescence spectrography, a highly sensitive method lacking 
somewhat, however, in specificity; (4) the internal standard method, which is an improved 
modification of the preceding method; (5) iodination of purified fractions, whereby the de- 
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rived 6-iodobenzo(a) pyrene can easily be detected by its ultraviolet absorption spectrum ; 
(6) the diazontization method, which, however, has not proved to be advantageous because 
the color is very slow in developing during this process; (7) chromatography, including 
ultramicromethods for the separation and identification of polynuclear aromatic hydrocarbons 
obtained from air particulate matter; (9) the piperonal chloride test, which is the most sensi- 
tive test for benzo(a)pyrene, in that 1 ppm can be detected microscopically; (10) the 
protonation test, which can distinguish between benzo(a)pyrene and benzo(g,h,i)perylene on 
the basis of the fact that, although the two compounds are very similar, their ultraviolet 
visible absorption spectra are quite different in a trifluoroacetic acid solution containing 10% 
chloroform and 1% sulfuric acid. 

APCA Assts. 


Protein CONTENT OF THE ATMOSPHERE. L. A. CHAMBERS, E. C. Tapor, and M. J. Forer. 
Robert A. Taft Sanitary Engineering Center, Cincinnati, Ohio, 1958. 


A study was carried out to determine the protein content of air-borne particulate matter. 
Utilizing a modified version of a commercially available high-volume sampler and a glass- 
fiber filter medium for collection, a nation-wide sampling program was inaugurated. Active 
sampling was carried out at 67 locations in 21 communities. In most areas at least two 
sampling sites were used, one representing a business section and the other a residential or 
rural section. Attempts were made to obtain at least one sample per week at each site. A 
standard ninhydrin reaction for measurement of the products of protein hydrolysis was used 
as a basis for development of analytical procedures. A total of 1,698 samples were analyzed 
by various methods. Average protein levels ranged from a niaximum of 4.7yg. per cubic 
meter to a minimum of 0.6yg. per cubic meter. It appears that 23 stations show highest 
values in spring, 18 in summer, 5 in fall, and 1 in winter. Very little evidence was found of 
diurnal variation in protein levels. Data indicated that an average of 38% of the total protein 
may occur in the particles below approximately 54 in diameter. No pronounced differences 
were found in protein values at different elevations at the same location. 

APCA Apssts. 


DETECTION AND ESTIMATION OF AIR-BoRNE PROTEINS BY PyroLysIs TO HypRoGEN CYANIDE. 
C. O. THomas and B. B. Baker. Anal. Chem. 31 :1391-1393 (Aug. )1959, 


The pyrolysis of protein aerosols produces hydrogen cyanide with yields as high as 75% 
of theoretical at 500 C. The cyanide nitrogen comes from the amino structure of the protein 
and not from the air. A combination of this pyrolysis with an electrochemical technique for 
the detection of cyanide allows the detection of a few micrograms of protein per liter of air. 
AuTHorS’ SUMMARY 


DETERMINATION OF ACETYLENE IN AIR IN CONCENTRATIONS FROM 10 Parts PER BILLION To 10 
Parts PER Mitiion. E. E. Hucues and R. Gorpen Jr. Anal. Chem, 31:94-98 (Jan.) 
1959, 

In a simple quantitative method for determining concentrations of acetylene as low as 
10 ppb, acetylene is adsorbed from a gas stream on a column of silica gel, 10 mm. long and 
2 mm. in diameter, cooled to —78 C. The gel is then warmed to room temperature and is 
treated with a solution of ammoniacal cuprous chloride. The presence and quantity of acetylene 
are indicated by the depth of color produced on the gel. The method can be readily adapted 
for field use. 


AutuHors’ SUMMARY 


AUTOMATIC ATMOSPHERIC FLuorIDE PoLLUTANT ANALYzeER. D. F. ApAMs and R. K. Koppe. 

Anal. Chem. 31:1249-1254 (July) 1954. 

Atmospheric fluoride pollution has been studied in many parts of the world in recent years, 
but no methods are available for the automatic, continuous determinations of fluctuating atmos- 
pheric fluoride levels. An instrument which produces a continuous, integrated record of 
the fluoride concentration for finite periods consists essentially of a circulating fluoride- 
sensitive reagent, continually brought into contact with freshly sampled air, and a recording 
flow colorimeter. Fresh reagent is programmed into the system on a preset time schedule 
which is automatically modified, if the accumulated fluoride concentration exceeds a predeter- 
mined level. Excellent correlation has been established between the automatic recorder and 
conventional sampling procedures. 


AuTHors’ SUMMARY 
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DETERMINATION OF TRACE AMOUNTS OF METHANE IN Arr. D. M. G. Lawrey and C. C. 

Cerato, Anal. Chem. 31:1011-1012 (June) 1959. 

From 1 to 6,000 ppm by volume of methane in air can be determined by gas chromatography. 
A high-sensitivity amplifier and a splitter column packed with a partially deactivated charcoal 
are used to gain the desired sensitivity and resolution. Results on 11 known blends ranging 
from 15 to 6,000 ppm of methane gave an average deviation of +11%. Repeatability standard 
deviation was +2.37 ppm at the 30 ppm level. 

AuTHors’ SUMMARY 


MONITORING TRACE HypROCARBONS IN AIR BY CATALYTIC OXIDATION AND NONDISPERSIVE 
INFRARED ANALYsIs. E. J. RosenBAuM, R. W. ApAMs, and H. H. KiNG Jr. Anal. Chem. 
31:1006-1008 (June) 1959, 

The concentration of hydrocarbons in air at the low parts per million level is continuously 
determined by combining catalytic oxidation with a nondispersive infrared analyzer to deter- 
mine the resulting carbon dioxide. Known blends of methane in oxygen-nitrogen mixtures 
are used to test catalyst activity and calibrate the combination of catalyst and analyzer. The 
limit of detectability is below 1 ppm and the calibration curves are linear up to a concentra- 
tion of 300 ppm. The equipment has operated under plant conditions for over two years with 
no loss of catalytic activity and only routine maintenance. 

AuTHors’ SUMMARY 


Exuaust Gas ANALysis By GAS CHROMATOGRAPHY COMBINED WITH INFRARED DETECTION. 

W. B. Heaton and J. T. WentwortH. Anal. Chem. 31 :349-357 (March) 1959. 

The need for analysis of individual hydrocarbons in automobile exhaust has led to the de- 
velopment of a more sensitive gas-chromatographic technique. A readable peak can be 
obtained from hydrocarbon concentrations as low as 1 ppm, using raw exhaust gas. The im- 
proved sensitivity is obtained by passing the effluent from the chromatographic column first 
through a furnace to burn the hydrocarbons to carbon dioxide and water and then through 
a nondispersive infrared analyzer sensitized to carbon dioxide. The improved sensitivity 
obviates the need for concentrating the hydrocarbons by condensing traps. The effect of fuel 
composition of exhaust gas has been determined by this method. Results obtained with both 
commercial gasolines and pure hydrocarbons show that the exhaust hydrocarbon composition 
is dependent on the composition of the fuel. 

AuTHOoRS’ SUMMARY 


PartTIcLE Size ANALYysIS By y-RAy AssorpTion. C. P. Ross. Anal. Chem. 31:337-339 
(March) 1959. 


Accurate particle size analyses of uranium oxide were obtained by a y-ray absorption 
method. As particles settled from a uniform suspension, their concentration at a fixed depth 
was continually determined by measuring the transmittance of y-rays from an americium™ 
source. The data were readily converted to a standard curve of particle fractions under a 
certain size vs. the diameter obtained from Stokes’ law. For the uranium oxide particles 
that were tested, the absorption of y-rays depended only on the mass of suspended material. 
The fraction undersize was determined with a 95% confidence limit of about +0.04, and the 
average diameter according to Stokes’ law was determined to about +0.34. The method can 
be used for any subsieve particles having an absorption coefficient significantly different from 
that of the suspending liquid. 

AuTHors’ SUMMARY 


DETERMINATION OF ToTAL GASEOUS POLLUTANTS IN ATMOSPHERE. P. W. West, B. SEN, 

and B. R. Sant. Anal. Chem. 31:399-401 (March) 1959. 

A rapid method based on measurement of thermal conductivity is described for determina- 
tion of total gaseous pollutants in atmosphere. When small quantities of organic solutes or 
inorganic gases are introduced into a flowing helium stream in an empty column, a sym- 
metrical distribution of concentration of the solutes takes place because of their diffusion. 
The times of emergence and the areas under the curves are reasonably the same for the 
same quantities of a single solute or mixtures in spite of possible differences in their physical 
properties. The total error rarely exceeds 20% which would be acceptable for an air-pollution 
index, alarm system, or certain survey studies. The sample can be used eventually for further 
identification by gas-chromatographic analysis. 

AuTHors’ SUMMARY 
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FLUOROMETRIC DETERMINATION OF SUBMICROGRAM QUANTITIES OF BeryLLIuM. C. W. SILL 

and C. P. Wiis. Anal. Chem. 31:598-608 (April) 1959. 

The increasing use of beryllium in the atomic energy program and the highly toxic nature 
of its compounds require a method of high sensitivity and reliability for its detection and 
determination. Although morin is the most sensitive reagent known for the determination of 
beryllium, available procedures are not particularly reliable at extremely low levels. A fluoro- 


metric method using morin has been developed that has a detection limit of 0.0004ug. and a 
precision to 0.8% on 0.2ug. at the 95% confidence level. Reliability and precision are im- 
proved greatly through use of a buffer system, an internal acid-base indicator, a permanent 
glass standard of fluorescence, and complexing agents. Detailed methods of separation of 
beryllium and application to air dust and smear samples, urine, bone, ores, and steel are given. 
They were checked at each step using beryllium’ tracer. Errors produced by certain metals 
and by variations in the procedure are described. 


AuTHorS’ SUMMARY 


CoUNTING OF AITKEN NUCLEI AND APPLICATIONS OF THE CouNTING Resutts. L. W. PotiaKk. 
Internat. J. Air Poll. 1:293-306 (April) 1959. 

The paper deals with instruments for determining the concentration of condensation nuclei 
of approximately 10% to 107 cm. radius and discusses the uses made of concentration meas- 
urements. The importance of condensation nucleus research for meteorology, medicine, and 
industry is briefly mentioned. The absolute condensation nucleus counters, in which the 
nuclei converted into droplets are directly counted, are reviewed and the most recent and 
much improved types with photographic and stereophotomicrographic recording described. The 
efficiency of these counters, its dependence on the expansion ratio, and the frequency distribu- 
tion of counts are discussed. A description of the only relative condensatian nucleus counter 
which has now been developed to a very high degree of accuracy and dependability is given. 
This counter measures by means of a photocell the extinction of a light beam traversing 
the fog formed by an adiabatic expansion. The accuracy and the improvements incorporated 
in the photoelectric nucleus counter, together with some processes taking place in the fog 
of the cloud chamber of the instrument which affect the measurements, are discussed. A 
survey of the following uses of the counting results is given: climatological statistics of 
nucleus concentrations and their relationship to meteorological elements, dealing not only 
with the concentration of nuclei but also with their size and charge distribution; special 
investigations with the aid of mobile photoelectric nucleus counters; droplet size of fog; 
disappearance of nuclei in a closed vessel; determination of the diffusion coefficient, size, and 
mass of nuclei; air-conditioning equipment, control of air pollution in cities, and development 
of improved electrical control devices. 


APCA Apsts. 


Ventilation, Air Conditioning, and Engineering Control 


STuDIES ON THE GLOBE THERMOMETER. T. SuzuxKt, K. IsHrKAwA, M. and 
Y. Mrnaxawa. J. Sc. Labour 34:1064-1071 (Dec.) 1958, 


The globe thermometer has been generally adopted as a standard instrument for estimating 
heat radiation from an environment in field surveys. However, a technical handling of this 
instrument and an evaluation scheme of the results have not been standardized. Of these 
problems, a reliability of the instrument, a model difference between the Vernon original type 
and its Ishikawa modification, and the time necessary for measurement were studied. 

The results obtained were as follows: 

1. The globe thermometer of 6 in. in diameter (Vernon type) showed higher measurement 
than that of 3 in. in diameter (Ishikawa type). 

2. Both types of the instruments were influenced identically with wind velocity. 

3. After 30 minutes of exposure to hot environments, either type reached to heat equi- 
librium with the environments. Therefore, initial reading of the temperature should be done 
in 30 minutes after setting the instrument on the spot. 

4. Inasmuch as individual differences among the instruments of the same type, which have 
been in daily use, were observed, a great care must be taken when they will be used. 

5. With a consideration of its limited sensitivity, it is not practical to read a temperature 
less than 0.5 C to 1.0 C in the globe thermometer. 


AuTHoRS’ SUMMARY 
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Accidents and Their Prevention: Protective Equipment 


INJURIES ON THE Jos. Stat. Bull., Metropolitan Life Insurance Co. 40:9 (May) 1959. 

Increasing control is being gained over the accident hazards in American industry. During 
the past 15 years, the relative frequency of disabling work injuries in the United States de- 
creased more than a third—from 45.7 per 1,000 workers in 1943 to a record low of 29.4 per 
1,000 in 1958, according to data from the Bureau of Labor Statistics. 

Despite the gains in industrial safety, injuries still account for a large toll of death and 
disability. Accidents arising out of and in the course of employment took no less than 13,300 
lives during 1958. In addition, about 75,000 injuries resulted in permanent physical impair- 
ments, while more than 1,700,000 workers were disabled for at least one day after the day 
of injury without suffering permanent ill effects. Altogether, approximately 1,800,000 work 
injuries caused death or disability last year. 

Industries vary greatly with respect to their work injury experience. Some industries have 
a relatively unfavorable record for both frequency of injuries and the ratio of deaths to in- 
juries. In 1957, the logging industry had as many as 62.3 disabling injuries per million em- 
ployee hours worked and a moderately high mortality ratio—9 deaths per 1,000 disabling 
injuries. In the coal-mining industry the rate at which injuries occur was not as high as in 
logging, but the proportion which proved fatal was three times as great, the ratio being 27 
deaths per 1,000 disabling injuries. Other industries with comparatively high frequency and 
mortality ratios are highway and street construction, other heavy construction, metal and 
nonmetal mining, and structural steel erection and ornamental iron work. 

There are a number of industries in which the frequency of accidental injuries is rela- 
tively high but which have a low ratio of deaths to injuries. Workers in state and local sani- 
tation departments, surprisingly, experience almost as many disabling injuries per million 
employee hours worked as those employed in the logging industry, but a very large propor- 
tion of these injuries are relatively minor and the disability of short duration; only 1 out 
of every 1,000 disabling injuries among sanitation department employees was fatal in 1957. 
Workers in the roofing and sheet metal industry, in the structural clay products industry, and 
in warehousing and storage also have a comparatively high frequency of injury and a very 
low ratio of deaths to injuries. 

AuTHor’s SUMMARY 


ACCIDENT PREVENTION IN CHILDHOOD. J. L. Gopparp. Pub. Health Rep. 74 :523-534 (June) 
1959. 

Extension of current trends suggests that accidents will within the next two decades be the 
leading cause of death in children 1 to 15 years of age in many nations of the Americas. 

Rehabilitation centers in the Americas report that case loads are comprised largely of ac- 
cident victims. 

Each specific hazard must be identified and prevented on an individual basis, but traditional 
public health procedures, such as epidemiology, provide tested methods. 

Although diseases such as gastritis and enteritis are the first cause of death for half the 
countries of the Americas in the 1 to 4 age group, accidents are the leading cause in two-thirds 
of these countries in the 5 to 14 age group. Nonfatal accidents are found to cause great 
economic loss because of resultant disabilities and longer and more expensive hospitalizations. 
Motor vehicle accidents, drowning, burns, poisoning, falls, and bites of insects and snakes are 
leading causes of accidental death. With significant exceptions, boys have more accidents than 
girls. More than one-half the accidental poisoning cases occur under 2 years of age, the 
toxins varying from country to country. 

Mortality and morbidity data gathered trom surveys are essential bases for initiating ac- 
cident prevention activities by health departments. U.S. National Health Survey data indicate 
45% of all accidental injuries occur in the home. 

AuTHor’s SUMMARY 


Radioactive Substances and X-Ray 


Trace IN HuMAN Tissue: 3. STRONTIUM AND BARIUM IN NON-SKELETAL TISSUES. 
E. M. Sowen. Biochem. J. 70:712-715 (Dec.) 1958. 

A previously described method of estimating barium and strontium in bone ash by neutron 

activation has been modified to include nonskeletal tissues. Soft tissues collected from 31 
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cadavers have been examined. No marked accumulation of barium and strontium was apparent ; 
lung and aorta were found to have the highest concentrations. 


NucLear Sc, ABsTs. 


HicH RADIOPASTEURIZATION OF Foops. L. E. BrowNett. AD-159579, University of Michigan, 
Ann Arbor, Mich., Engineering Research Institute Report No. 6 (Final) for Sept. 21, 
1956, to Sept. 20, 1957. 

An investigation was made of methods for the sterilization of foods by irradiation to per- 
mit long-term storage. Research lead to the discovery of radiation-resistant micro-organisms. 
Irradiation doses of about 1 megarep were found to destroy all the micro-organisms that 
cause food poisoning except some of the more resistant spore formers. This dose also destroys 
most vegetative food-spoilage micro-organisms, yeast, and mold. Considerable difference in the 
response of various foods to irradiation was observed. Certain food items, such as cooked 
beef and cheese, were very unsatisfactory when irradiated and tested by themselves but pro- 
duced satisfactory food products when irradiated after combination with other foods. The 
shelf-life of some foods was increased by refrigeration after radiation treatment. Procedures 
are reported for a number of fruits, vegetables, baked products, and precooked products 
combining a number of ingredients, such as beef stew and shrimp creole. Recipes are included 
for the precooked products. 


Nuc ear Sc. ABsTs. 


PosstBLE CARCINOGENICITY OF IRRADIATED Foops. L. J. Teptey and B. E. Kirne. AD-158451, 
Wisconsin Alumni Research Foundation, Madison, Wis., Progress Report for Jan. 15, 1957, 
to Nov. 15, 1957. 


No significant differences in weight or tumor incidence were noted between control groups 
of rats and mice and groups fed irradiated foods. Data are tabulated from experiments ex- 
tending over an 18-month period. 


NucLear Sc. ApstTs. 


RADIATION HAZARDS RESULTING FROM CLINICAL Use oF Raproactive Isoropes. H. E. Davis 

and R. E. Parks. Indust. Med. 28:214-216 (May) 1959. 

Radioactive isotopes have produced special problems from the standpoint of radiation 
protection. However, in practice the hazard of isotopes is much less than that of diagnostic 
X-ray or x-ray therapy and the public health hazard is very small compared to the danger of 
radium. Personnel working with radioactive isotopes usually receive less radiation exposure 
than those working in other fields of medical radiology. Radiation hazards must be kept in 
proper perspective, neither fanatically avoided nor casually disregarded. 

AutTHors’ SUMMARY 


ENVIRONMENTAL SuRVEYS FOR NucLeaR Faciiitres. C. A. Nucleonics 17 :56-59 
(Jan.) 1959. 
Information is presented on how a survey should be conducted to determine the effect a 
nuclear facility may have on the radioactivity level of its environment. An environmental survey 
for a high-power reactor installation is used as an example. Procedures for monitoring land, 


air, and water are discussed, and instrumentation and personnel needed and estimated costs are 
included. 


Nuctear Sc, ABsts. 


PRACTICAL CONTROL OF RADIATION HAzARDS IN Puysics ResearcH. B. J. Moyer. Ann. Rev. 

Nuclear Sc. 8 :327-342, 1958. 

It is proposed to represent contemporary thinking concerning radiation hazards and their 
evaluation, which should be of practical assistance to the laboratory worker and to those 
responsible for the design and operation of physical apparatus and experiments which involve 
nuclear radiation or x-rays. Control of radiation hazards is discussed in terms of their an- 
ticipation and prior estimation and their measurement or field evaluation. The means are in- 
dicated for applying techniques and instrumentation to the evaluation of radiation component 
intensities in the laboratory and its environs. 


NuCLEAR Sc. Assts. 
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Prospects FoR Foop IrrapraTIon. Nuclear Power 4:121 (Jan.) 1959. 


Prospects for preserving food on a commercial scale by radiation treatment cannot be rated 
very high at present, although there does seem quite a good chance that in combination with 
other processes it might have an economic future. This is the conclusion from the five-day 
symposium on the subject held at Harwell (Nov. 17-21, 1958) under the auspices of the Food 
and Agriculture Organization of the U.N. 

Nuc Lear Sc. ABsTs. 


OBSERVATIONS ON THE METABOLISM OF SOLUBLE URANIUM IN HuMANsS. A. BUTTERWORTH and 
A. S. McLean. United Kingdom Atomic Energy Authority, Industrial Group H.Q., 
Risley, Lanes, England, Dec. 9, 1955. 

Autopsy specimens from an employee who died as a result of coronary thrombosis were 
analyzed for uranium. The employee had been engaged in the production of uranium hexa- 
fluoride until the day prior to death. The results of continuous air-monitoring surveys and 
uranium in urine analysis are recorded, and their relation to the uranium found in the autopsy 
specimens of kidneys and lungs is discussed. The validity of certain of the metabolic data and 
values quoted in the recommendations of the International Commission on Radiological Pro- 
tection is questioned. 

NUCLEAR Sc. ABsTs. 


Microwave RaptaTiIon Hazarps. W. E. Morcan. Safety Maint. 118:16-18 (July) 1959. 


The biological effects of microwave radiation are to a great extent dependent on the 
frequency or wave length and the average field density (power). When microwaves are 
absorbed by matter, they produce localized heating. Microwave radiation at frequencies of 
3,000 megacycles and above is usually reflected or absorbed by the outer layers of skin only 
and seldom penetrates the deeper layers. When radiation is absorbed, it causes heating of the 
tissue. The skin layer contains most of the body’s nerve endings or sensory elements and when 
this layer absorbs the energy and overheats, warning is immediately sent to the brain which 
tells the man he is getting too warm and to move; thus there is no overexposure. Frequencies 
of less than 1,000 megacycles are more serious than the high frequencies because they penetrate 
both the skin and fat layers and heat the deep tissues of the body. This area of the body has 
less sensory elements and a possible overheating could occur before an adequate warning is 
sent to the brain. It is believed that repeated exposure to radar waves while observing proper 
precaution does not lead to any cumulative or chronic effects on the body. This seems to be 
proven by the lack of any evidence showing that anyone has been seriously injured by working 
with radar equipment. A few reports have been published in newspapers and magazines in 
past years concerning alleged injury, but it is the opinion of most medical scientists that the 
reported disorders were not caused by radar. This does not imply that there is no potential 
risk or hazard associated with microwaves. To guarantee the safety of persons who work with 
radar, additional and extensive medical research should be provided. In the meantime, all 
radar equipment should be treated with full respect and in accordance with the necessary 
hazards control information. 

Inpust Hye. Dic. 
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